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Wednesday,  W.h  Nofemher  18S3, — Benjamin  N.  Peach,  Esq., 
F.R.S.E.,  F.G.S.,  President,  in  the  Chair. 

The  Chairman  delivered  the  following  opening  address : 

In  opening  the  115th  aesaion  of  the  Soya!  Physical 
Society,  it  is  gratifying  to  be  able  to  point  to  its  continued 
prosperity,  so  clearly  manifested  by  an  increasing  member- 
ship, by  the  energy  displayed  by  the  various  office-bearers, 
and  in  particular  by  the  number  of  valuable  papers  contri- 
buted to  the  new  part  of  the  Proixediri^s.  The  last  instal- 
ment of  the  publications  of  the  Society,  containing  an  address 
by  Dr  Traquair  on  "  Biological  Nomenclature  "  and  twenty- 
five  original  papers,  may  be  compared  favoiirably  with  its 
predecessors  in  regard  to  the  importance  of  the  work  achieved 
by  the  Fellows,  Such  a  record  shows  how  various  members 
continue  to  prosecute  their  researches  in  different  depart- 
ments of  science  with  a  success  which  augurs  well  for  the 
future.  I  desire,  now,  to  express  my  gratitude  for  the 
honour  you  conferred  on  me  by  appointing  me  to  the  pre- 
sidentship, and  for  the  cordial  support  I  received  from  the 
Fellows  while  performing  the  duties  of  the  office.  It  has 
been  a  source  of  pleasure  to  me  to  further  the  interests  of  this 
Society  so  far  as  it  lay  within  my  power,  and  I  need  hardly 
add  that  its  future  success  will  always  be  dear  to  rae. 
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The  special-£ht>|ecf  fo  which  I  wish  to  direct  your  attention 
thia  ey^oirr^  te '  one  of  great  interest  and  importance  to 
.  geoIb'giW'a-^viz.,  the  light  sljed  by  oi^nic  remains  on  the 
Ijistdry  of  the  strata  in  which  they  are  embedded.  For  th« 
■.  ■elncidation  of  this  subject  I  propose  to  select  several  illuBtra-  j 
tious  from  the  geology  of  Scotland  with  which  I  am  familiar.  ' 

For  the  last  few  years  I  have  been  engaged  in  the  study  of 
the  Silurian  rocks  of  the  North-west  Highlands,  so  closely 
linked  with  the  famous  controversy  of  the  age  of  the  crystal- 
line schists  of  the  Highlands.     As  these  are  the  oldest  strata 
from  which  fossils  have  been  obtained  in  Scotland,  it  may 
not  be  inappropriate  to  place  them  in  tlie  foreground.     The 
basement  beds  of  the  Silurian  rocks  of  Sutherland  and  Hoar 
consist   of  coarse-grained,   false-bedded  grits  or  quartzite 
resting  on  a  remarkably  even  plane  of  marine  denudati 
carved  out  of  Archaean  gneiss  and  the  overlying  Cambri: 
conglomerates  and  sandstones.     There  is  therefore  a  mark 
unconformability   between   the   Silurian  strata  on  the  - 
hand  and  the  Archaean  and  Cambrian  rocks  on  the  ot 
Ko  organic  remains  have  yet  been  detected  in  this  lo 
division  of  the  quartzite  series,  which  attains  a  thicknes 
about  200  feet.     Overlying  this  subdivision  we  find  a 
300  feet  of  comparatively  fine-grained  qiiartzites,  which, 
certain  exceptions,  are  characterised  by  much  more  rej 
bedding.     Almost  every  bed  is  pierced  by  a  series  of  ve 
cylindera  or  "  pipes,"  varying  in  diameter  from  i  to  3 
inches,  not  distributed  equally  throughout  the  grouj 
arranged  in  definite  order — each  variety  being  contir 
certain   bands.      As   a   rule,   these  cylinders  become 
numerous  towards  the  top  of  the  quartzite  series.     Tb 
be  no  doubt  whatever  that  the  "  pipes  "  are  due  to  I 
solidated  costs  of  burrowing  annelides.     Next  in  oi 
find  the  "  Fucoid  beds,"  about  50  feet  of  grey  shalj 
with  lenticular  masses  of  dolomitic  limestone  and  o" 
flaggy   grits — the   whole  series   weathering   with   , 
ochreoua  tint  from  the  presence  of  ferruginous  matt 
shales  are  traversed  along  the  bedding  planes  by 
worm  casta,  which   have   been   mistaken   for  fuf 
hence    the   name   that  has  been  misapplied  to  t 
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When  a  shale  bed  overlies  a  sandy  one,  the  cast  brought  up 
Irom  the  underlying  layer  by  the  burrowing  worm  is  still  a 
cylinder  of  hardened  sand,  and  not  the  flattened  plant-like 
impression  produced  by  the  cast  formed  out  of  the  softer  ooze 
of  the  shale  bed  itself.  To  the  foregoing  group  succeeds  a 
massive  bed  of  calcareous  grit  or  quartzite  upwards  of  30  feet 
thick,  pierced  by  vertical  worm  pipes,  and  also  containing, 
along  certain  bedding  planes,  the  remains  of  small  tublcolar 
annelides  (Serpulitei  Maccullochii).  Specimens  of  Orthocera- 
tit«3  have  also  been  obtained  from  this  bed — one  by  a  brother 
of  Mr  Clark  of  Eribol,  and  another  by  Professor  Lapworth. 

The  Silurian  strata  just  described  are  overlain  by  a  vast 
mass  of  limestone  divisible  into  several  well-marked  zones, 
lithologically  distinct.  One  feature,  however,  is  common  to 
the  whole  series — that  nearly  every  bed  is  more  or  less  tra- 
versed by  worm  casts ;  indeed,  some  of  the  bands  consist 
almost  wholly  of  these  casts  with  a  matrix  just  sufficient  to 
hold  them  together.  The  rough  exterior  so  characteristic  of 
some  of  the  limestones  is  partly  due  to  this  cause  and  partly 
to  the  fact  that  the  matrix  has  crystallised  in  a  different 
manner  from  the  cast«,  which  makes  it  more  easily  eroded  by 
denuding  agencies.  The  lowest  beds  of  limestone  are  sandy 
and  shaly,  and  contain  two  zones  of  serpulites,  the  highest 
being  about  30  feet  from  the  base.  In  the  overlying  300  feet 
of  limestone  no  fossils  have  yet  been  obtained  in  the  Durness 
area,  but  the  late  Mr  C.  W.  Peach  found  an  Orthoceras  at 
Inchnadamff  which  must  have  come  from  this  horizon. 
Higher  up  in  the  series  there  are  several  fossiliferous  zones 
yielding  an  abundant  suite  of  fossils,  comprising  Maclurea, 
Ophileia,  Munhisonia,  Pleurotomaria,  Orthoceratites,  Lamelli- 
branchs,  Brachiopods,  and  Trilobites — an  assemblage  of  fossils 
identical  with  that  obtained  by  the  Geological  Survey  of 
Canada  from  the  lowest  Silurian  and  uppermost  Cambrian 
strata  of  Canada  and  the  eastern  part  of  the  United  States. 
Indeed,  many  of  the  forms  are  common  to  the  two  areas.  In 
the  North-west  Highlands  we  douot  find  any  beds  succeed- 
ing in  natural  order  to  the  limestone ;  in  fact,  there  is  now 
only  a  remnant  of  what  originally  was  a  more  extensive  and 
in   all  likelihood   a   much  thicker  formation.     The  highest 
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limestone  zones  are  preserved  only  at  Duraess ;  elsewhere, 
along  the  line  extending  from  Eribol  to  Sleat,  id  Skye,  the 
limestones  occur  in  lenticular  masses,  which  are  not  due  to 
original  irregularity  of  deposit,  but  to  earth  movements  which 
gave  rise  to  reversed  faults  at  low  angles  to  the  horizon.  By 
this  means  the  underlying  gneiss  and  Cambrian  rocks  are 
driven  over  the  Silurian  strata  for  great  distances.  In  those  - 
portions  of  the  Silurian  series  which  were  not  displaced,  as 
well  as  in  those  which  were  driven  horizontally  forward, 
thare  is  a  striking  regularity  in  the  order  of  succession.  All 
the  zones  already  mentioned,  including  minor  subdivisions  not 
exceeding  a  few  inches  in  thickness,  are  traceable  over  the 
whole  area  for  a  distance  of  ninety  miles  from  north  to  south. 
What,  then,  are  the  inferences  that  may  naturally  be 
deduced  from  a  consideration  of  these  data  ?  In  the  case  of 
the  basal  quortzites,  where  we  have  a  pass^e  from  a  land 
surface  to  a  sea  bed,  there  is  little  or  no  organic  matter 
mixed  with  the  coarse  siliceous  sand,  which,  from  its  coarse 
texture  and  the  false  bedding  of  the  layers,  bears  evidence  o 
rapid  accumulation.  There  would  therefore  be  no  food  f 
the  support  of  annelides  under  these  conditions.  But  w' 
the  slower  accumulation  of  sediment  indicated  by  the  "  pi 
rock,"  there  was  evidently  time  for  the  fertilisation  of 


misled  the  older  obaervers,  and  made  them  regard  these  casta 
Similar  phenomena  have  been 
met  with  in  strata  of  the  same  general  age  in  America,  where 
they  have  been  usually  attributed  to  the  remains  of  plants, 
each  variety  being  designated  by  a  different  name.  Were  we 
to  proceed  on  this  principle  with  the  worm  casts  of  the 
Durness  rocka,  a  lengthy  treatise  might  be  devoted  to  the 
description  of  the  various  forms  which  they  assume.  Had 
the  matrix  of  the  limestone  been  more  favourable  for  pre- 
serving small  organisms,  I  have  no  doubt  wc  sliould  have 
been  able  to  obtain  as  rich  a  variety  of  annelide  jaws  from 
the  Durness  strata  as  Mr  Hinde  procured  from  the  nearly 
unaltered  Silurian  beds  of  Gothland, 

The  zone  of  serpulite  grit  overlying  the  fucoid  beds  points 
to  a  shallowing  of  the  area  of  deposit,  and  the  introduction 
of  coarser  sediment,  thus  indicating  oscillations  in  the  down- 
ward movements,  tliough  on  the  whole  they  resulted  in  sub- 
sidence. After  the  deposition  of  the  serpulite  giit,  hardly 
any  sediment  derived  from  the  land  entered  into  the  compo- 
sition of  the  overlying  limestones.  For  a  short  time  there 
was  a  slight  admixtui-e  of  sand  and  mud  with  the  calcareous 
matter ;  but  eventually  nothing  seems  to  have  fallen  on  the 
sea-floor  but  the  remains  of  minute  organisms,  whose  cal- 
careous and  siliceous  skeletons  have  slowly  built  up  the 
great  mass  of  limestone  and  chert  so  conspicuously  developed 
at  Durness,  That  sraall  pelagic  animals  played  the  chief 
part  in  the  formation  of  this  accumulation  of  limestone  is 
rendered  almost  certain  by  the  fact  that  most  of  the  beds  are 
traversed  by  worm  casts  in  such  a  manner,  that  nearly  every 
particle  must  have  passed  through  the  intestines  of  worms. 
It  is  evident  that  the  limestones  cannot  be  due  to  coral  reefs, 
for  if  such  had  been  the  case,  the  corals  must  have  been 
comminuted  as  fast  as  they  grew.  Only  one  undoubted 
specimen  of  coral  resembling  a  Michelinca,  embedded  in  a  fine  * 
calcareous  sediment,  has  been  obtained  from  the  series.  That 
shell  banks  liad  little  to  do  with  the  accumulation  of  the 
limestone  is  apparent  from  the  mode  of  occurrence  of  the 
shells  which  are  found  in  it.  The  most  abundant  forms  are 
chambered    shells,    such    as    Orthoceratitcs,  Lituites,  and 
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Nautilus ;     next    in    order  '  are    the    Gasteropods,    chiefly 
Maclureaa,   Pleurotoraarins,  etc. ;    while  the  lamellibranclis 
and  brachiopoda  rank  last  in  point  of  numher.     The  two 
latter  are  found  with  their  valves  attached,  and  the  lamelU- 
branchs  are  found  in  .the  posilion  in  which  they  lived  and  I 
died.     AU  the  specimena  show  that  every  open  space  into  \ 
which  the  mud  could  gain  access  and  the  worms  could  crawl  j 
are  traversed  by  worm  casts.     In  the  case  of  the  orthocer*-  ■■■ 
tites,  they  seem  to  have  lain  long  enough  uncovered  by  sedit 
inent   to   allow  the  septa  to  be  dissolved  away  from  the 
eiphuncles   which   they    held    in    place.      Many   of    thoaa 
siphunclea  are  now  found  isolated ;   indeed,  Salter  founde<? 
his  genus  Piloeeraa  on  euch  lat^e  examples  as  those  found  u 
Eitdoceras.      Sponges    of    the    genua    Areiia-oet/afhtm    ant 
Calaihium  occur  at  intervals  in  the  mnddy  matrix.      Ou 
example  is  preserved  in  chert ;  but  the  larger  masses  of  eh* 
in  the  limestone  do  not  36em  to  be  derived  from  sponges, ' 
more  probably  from  the  siliceous  skeletons  of  diatoms,  wJ 
in  all  likelihood,  were  as  abundant  in  that  ancient  oceai 
they  are  now.     No  undoubted  remains  of  foraminifera  i 
been  discovered,  though  on  several  horizons  there  are  7 
of  limestone  made   up  of  small  rounded  bodies,  prol 
oolites ;  but  owing  to  the  fact  that  the  limestones  are  crj 
line,  and  that  many  of  them  have  been  more  or  less  dc 
tised,  it  is  now  almost  impossible  to  decide  detinit«b 
the  nature  of  these  spherules.    For  these  reasons  it  is 
less  to  find  minute  organisms  in  this  formation.     Thf 
substance  of  the  larger  fossils  has  in  almost  every  car 
dissolved  out,  and  the  spaces  have  been  filled  with  c 
and  in  some  cases  with  Beekite,  so  that  all  the  finer  mi 
on  their  surfaces  are  obliterated. 

In  view  of  the  foregoing  evidence,  it  is  clear  t 
physical  conditions  which  prevailed  during  the  depf 
the  Silurian  strata  in  the  north-west  Highlands  n 
been  remarkably  uniform.    As  already  indicated,  t 
are  of  an  American  type,  and  do  not  resemble  thi 
in  the  contemporaneous   deposits   of  Wales   and 
Indeed,  so  far  as  the  order  of  succession  of  th( 
their  fossil  contents  are  concerned,  we  have  an  ah 
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counterpart  of  the  strata  exposed  along  the  axis  of  older 
I'alffiozoic  rocks,  stretching  from  Canada  througli  the  eastern 
States  of  North  America.  In  the  latter  region,  the  Silurian 
strata  of  Sutherlandsliire  are  represented  by — (1.)  the  Pots- 
dam Sandstone,  always  described  as  being  vertically  piped  by 
Scolithjis,  like  the  "  pipe-rock ; "  (2.)  the  Calciferous  group  ; 
and  (3.)  part  of  the  Trenton  Limestone,  Now,  it  might  be 
contended  that  this  remarkuhle  identity  in  the  order  of  suc- 
cession of  the  beds  and  fossil  contents  in  these  two  widely- 
separated  areas  points  to  contemporaneous  deposition ;  and 
on  the  other  hand  it  might  be  argued  with  greater  probability 
that  the  beds  are  homotaxial,  or  in  other  words  that  the  same 
relative  succession  of  events  prevailed  in  the  two  areas, 
though  not  at  the  same  time.  Whichever  view  is  adopted,  I 
think  that  there  can  be  little  doubt  that  some  oM  ahore-Uiie  or 
shallow  sea  must  have  stretched  across  the  North  Atlantic  or 
Arctic  Oceans,  along  which  the  forms  migrated  from  one 
province  to  the  other,  and  that  some  baiTier  must  have  cut 
oft'  this  area  from  that  of  Wales  and  Central  Euroi>e. 

Another  excellent  illustration  of  the  value  of  fossilil'eroua 
zones  as  an  aid  to  the  solution  of  the  geological  structure  of 
a  special  region  may  be  found  in  the  Lower  Silurian  rocks  of 
the  Moffat  district,  in  the  south  of  Scotland.  Throughout 
the  Southern  Uplands  the  lithological  character  of  the  Lower 
Silurian  rocks  are  remarkably  uniform,  consisting  mainly  of 
greenishgreywackes,  grits,  and  shales,  thrown  into  a  series 
of  parallel  folds.  The  magnificent  coast  sections  at  St  Abb's 
Head  and  in  the  south-west  of  Scotland  show  how  the  same 
beds  are  repeated  by  normal  and  inverted  anticlines  and 
aynclines  over  wide  areas.  The  difficulty  of  unravelHng  the 
geological  structure  of  the  southern  uplands  is  further  in- 
creased by  the  limited  number  of  fossils  obtained  from  tlie 
grits,  greywackes,  and  shales.  Tliere  are,  however,  certain 
bands  of  black  shales  charged  with  graptolites  which  have 
been  of  great  service  to  the  field  geologist  The  exhaustive 
researches  of  Professor  Lapworth  in  the  Moffat  area  have 
conclusively  proved  that,  so  far  as  that  region  is  concerned, 
the  black  shales  occur  along  the  crests  of  anticlinal  folds,  the 
overlying  grits  and  shales  having  been  removed  by  denuda- 
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tion.     He  ha^  further  sbowo  tliat  the  MiiR'at  hhuik  sh&le 
aeries,  varying  from  300  to  500  feet  ia  thickuess,  is  divisible 
into  several  soaos,  each  contatniiig  a  distinct  suite  of  grapto* 
lites.     By  means  of  these  zones  he  has  demonstrated  that 
many   of  the  anticlinal   folds  are   inverted,  eo   tliat  what 
appears  at  first  sight  to  be  an  ascending  series  is  in  reality 
deceptive.     In  the  prosecution  of  the  Geological  Survey  of 
that  region  I  have  had  exceptional  opportunities  for  examin- 
ing the  sections  described  by  Professor  Lapworth,  and  it 
gives  me  pleasure  to  express  my  appreciation  of  tlie  accuracy 
of  Ms  observations  and  of  tlie  value  of  his  researches.     Kut 
vhen  we  pass  beyond  the  limits  of  the   Kloffat  district  the 
classification  of  the  black  shalua  undergoes  important  modifi> 
cations.   It  sometimes  happens  that  certain  graptolites,  which, 
in  the  Mufl'at  area,  are  confined   to   sepantte   liorizons,  are 
found  side  by  side  in  the  same  band.     For  exam)>lc,  near 
Costle-Douglaa  some  of  the  fossils  characteristic  of  the  Glea- 
kiln  group  in  the  Moffat  region  are  associated  with  grapto- 
lites belonging  to  the  liorizon  of  thu  Hartfell   beds,  while  in 
another  direction  the  members  of  the  Birkliill  group  disap- 
pear altogether,  and  are  represented  only  by  barren  grey 
wackea  and  shales.     Some  forms,  which  lie  assumes  to  hav 
become  extinct  during  the  deposition  of  the  Moli'at  grouf 
reapiiear  in  the  greywackes  overlying  the  black  aliales.     Tb 
assumption  that  the  disappearance  of  a  species  from  a  ps 
ticulai-  horizon  implies  its  extinction,  when  it  may  be  d 
merely  to  a  change  of  conditions  causing  temporary  mif 
tion,  may  he  adduced  as  an  instance  of  unsafe  reasoning  f 
purely  negative  evideuce.     Such  an  inference  is  never 
and  is  apt  to  lead  to  erroneous  conclusions.     Professor  C 
pole,  of  the  Peunsylvanian  Geological  Survey,  has  reoei 
published  parallel  instances  from  the  Devonian  strata  of 
United  States,  where  spirifers  occur  in  the  same  slab  v 
were  supposed  to  characterise  separate  zones  of  that  f< 
tion.     He  also  shows  that  Hidycites  catemUaria,  whid 
believed  to  be  a  characteristic  fossil  of  the  Niagara  Limei 
and  to  liave  become  extinct  at  the  close  of  the  deposit! 
this  zone,  reappears  iu  other  limestones  occupying  &  I 
horizon.     The  case  of  Dictijonemo ,  which  was  aapgf 
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have  disappeared  in  Cambrian  ot  early  Silurian  time,  but 
haa  now  been  jiroved  to  be  a  common  Devonian  fossil,  forma 
another  example  of  the  danger  of  founding  conclusions  on 
purely  negative  evidence. 

The  passage  beds  between  the  Upper  Silurian  and  Lower 
Old  Ited  Sandstone  formations  in  the  south  of  Scotland  pre- 
sent certain  features  of  special  interest  to  the  palaeontologist. 
The  greatest  development  of  Upper  Silurian  strata  in  Scot- 
land extends  along  the  border  from  the  Cheviots  to  Burrow 
Head,  hut  at  present  I  propose  to  confine  my  attention  to 
the  exposures  of  these  rocks  in  Lanarkshire  and  the  Pent- 
land  Hills.  In  the  area  of  Upper  Silurian  rocks  at  Les- 
mahagow,  about  4000  feet  of  greywackes  and  shales  are 
conformably  overlain  by  a  succession  of  red  marls  and  cou- 
glometates  marking  the  lowest  beds  of  the  Old  Red  Sand- 
stone. A  similar  passage  is  met  with  in  the  anticlinal  axis 
of  Upper  Silurian  rocks  in  the  Hagshaw  Hills,  and  also  in 
the  Pentland  area.  The  highest  Silurian  strata  in  these 
separate  areas  consist  of  gi'eenish  and  grey  sandstones,  shales, 
and  greywackes,  containing  a  peculiar  assemblage  of  fossils. 
These  beds  are  the  great  home  of  the  Euiypterids.  Indeed, 
the  strata  in  the  Lesmahagow  area  are  widely  known  on 
account  of  the  numerous  species  obtained  from  them,  which 
have  been  described  by  Huxley,  Salter,  and  Woodward,  The 
passage  beds  from  the  Ludlow  formation  to  the  Hereford 
type  of  the  Lower  Old  Ited  Sandstone  in  Shropshire  have 
aflbrded  numerous  fragments  of  Enrypterids  nearly  allied  to 
those  of  Lesmahagow,  while  the  other  included  fossils  closely 
resemble  those  from  the  same  horizon  in  Scotland.  To- 
wards the  top  of  the  Upper  Silurian  formation  in  America, 
iu  the  Water-time  group,  Eurypterids  are  also  abundant. 
Now,  I  venture  to  think  that  the  occurrence  of  the  Ludlow 
facies  of  fossils  in  these  widely-separated  areas  does  not  point 
to  contemporaneous  deposition.  In  my  opinion,  this  remark- 
able group  of  fossils  represents  the  shallow-water  and  sliore 
animals  of  the  Silurian  sea.  Were  older  Silurian  land  sur- 
faces and  shore  deposits  to  be  found,  ihey  might  be  expected 
to  yield  a  similar  fauna,  though  the  species  would  in  all 
probability  be  distinct.     The  occurrence,  therefore,  of  the 
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Ludlow  type  of  fossils  iu  any  particular  area  serves  to  indi- 
cate tliat  the  upward  movementB  which  converlcd  portions  of 
the  Silurian  sea  into  a  continental  area  with  inland  lakes 
had  begun  to  manifest  themselves,  but  such  shore  conditions 
may  have  been  contemporaneous  with  marine  conditions  iu 
other  areas. 

In  support  of  the  contention  that  the  Ludlow  facies  of 
fossils  indicates  shore  conditions,  and,  in  particular,  that  the 
Eurypterida  were  shore  animals,  I  may  point  to  tlie  fact  that 
the  oldest  air-breathing  arachnids  have  been  obtained  from 
beds  containing  these  fossils.  These  are  Pala-ophonai* 
niLitciuB  from  Gothland;  another  Palwophoneus  from  Lesma- 
hf^w ;  and  a  third  scorpion  has  been  described  by  Professor 
Whiteaves  from  the  Water-lime  group  of  America,  long 
known  as  the  deposit  in  which  the  JCuri/plerus  Temijies 
occurs.  Though  I  have  mentioned  tlie  Swedish  specimen 
first  because  it  was  first  described,  I  believe  that  the  Ameri- 
can specimen  was  first  discovered,  so  that  the  latter  country 
is  justly  entitled  to  the  honour  of  priority  of  discovery.  The 
presence  of  air-hreathers  in  these  strata  points  to  proximity 
of  land,  and  I  have  no  doubt  that  our  knowledge  of  tlio 
plants  and  land  animals  of  that  ancient  period  will  yet  be 
largely  increased  when  the  beds  occupying  this  horizon  are 
subjected  to  more  minute  examination.  The  occurrence  of 
the  peculiar  phyllopods  (Ceratiocaris)  in  such  numbers  in 
strata  of  this  age  has  an  important  bearing  on  this  question 
for  all  the  recent  forms  are  either  fresh-water  or  confined 
inland  seas  and  lakes.  It  is  highly  probable,  tlierefoi-e,  th; 
their  representatives  in  Upper  Silurian  times  may  have  b& 
confined  to  shallow  water  along  the  margin  of  the  Silur 
sea,  or  to  estuaries. 

The  Lower  Old  Ked  Sandstone,  as  developed  in  Scot 
was  deposited  in  a  series  of  lakes  or  inland  seas  forir 
the  elevation  of  portions  of  the  old  Silurian  sea-floor. 
conclusion  is  based  partly  on  the  character  of  the  stra 
absence  of  undoubtedly  marine  fossils,  and,  in  particu 
the  peculiar  facies  of  the  fish  fauna  of  the  Iforay  Firl 
and  of  the  Midland  valley.    The  enormous  thickness 
deposits  in  the  central  basin  points  to  prolonged  s' 
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of  the  areas  of  deposit,  while  the  Highland  tableland  either 
remained  stationary  or  formed  an  axis  of  elevation,  The 
great  succession  of  conglomerates,  sandstones,  and  shales, 
amounting  to  20,000  feet  in  thickness,  is  composed  more  or 
less  of  the  di'bi-is  of  the  crystalline  rocks  of  the  Highlands ; 
even  the  pebbles  in  the  conglomerates  of  Uamh  Var,  vfhich 
form  the  highest  members  of  the  Lower  Old  Eed  Sandstone 
of  the  Midland  valley,  have  been  derived  from  areas  of  crys- 
talline rocks  not  far  removed  from  the  Highland  barrier. 
The  latter  fact  leads  us  to  infer  that  portions  of  the  old 
tableland  still  remained  above  water  towards  the  close  of  the 
Lower  Old  Eed  Sandstone  period.  From  an  examination  of 
the  physical  relations  of  the  strata  along  the  Highland 
border,  it  is  manifest  that  there  must  have  been  irregular 
Bubsidence  of  the  land  along  the  northern  margin  of  the 
midland  basin.  For  example,  on  the  shore  at  Stonehaven, 
nearly  5000  feet  of  sandstones,  tiags,  and  shales  underlie  the 
great  volcanic  series  so  splendidly  developed  in  the  Sidlaws 
and  the  OchOs.  But  when  we  pass  to  the  south-west  of  the 
Stonehaven  area  into  Forfarshire  and  Perthshire,  this  accumu- 
lation of  sedimentary  deposits  is  overlapped  by  the  represen- 
tatives of  the  volcanic  series,  till  the  latter  rest  directly  on 
the  ancient  crystalline  rocks.  Although  this  vast  thickness 
of  strata  accumnlated  in  a  lake,  it  is  evident  that  the  depth 
of  water  never  could  have  been  very  great,  for  bands  of  con- 
glomerate frequently  occur  in  the  order  of  succession,  com- 
posed of  river-borne  pebbles.  Most  of  these  have  been 
derived  from  the  crystalline  rocks  of  the  Highlands,  while 
not  a  few  are  composed  of  the  same  materials  aa  the  ejecta- 
menta  of  the  Lower  Old  Red  Sandstone  volcanoes,  which 
were  situated  either  within  the  limits  of  the  lake  or  along  its 
margin.  On  the  western  slopes  of  the  Ochils,  conglomerates 
of  great  thickness  are  entirely  made  up  of  the  rounded  frag- 
ments of  the  lavas  and  agglomerates  of  the  adjoining  range, 
thus  indicating  that  the  volcanoes  which  were  at  first  sub- 
aqueous had  reared  their  cones  above  the  surface  of  the  lake. 
Owing  to  the  gradual  submergence  of  the  area,  they  were 
eventually  submerged  and  buried  underneath  the  accumu- 
lating sediment.     The  remains  of  true  air-breathing  insects 
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(ChilognBthous  myriapods  of  the  genera  Kampeearit  and 
Archidesmus),  associated  with  those  of  plants  of  the  genera 
Pnlophyton  and  ArthroBtigma,  are  comparatively  abundant 
in  the  finer  sediments,  and  point  conclusively  to  the  close 
proximity  of  land. 

Along  the  southern  margin  of  the  central  basin  there  is 
interesting  evidence  to  prove  that  there  must  have  been 
irregular  movements  of  elevation  and  depression  during  the 
Lower  Old  Bed  Sandstone  period.  For  example,  in  the 
neighbourhood  of  Lesmahagow,  a  perfect  passage  occurs  from 
marine  strata  of  Upper  Silurian  age  into  reddish  beds,  pro- 
bably of  lacustrine  origin,  indicating  that  an  upward  move- 
ment had  elevated  a  portion  of  the  sea-floor  into  a  lake  basin. 
A  few  hundred  feet  from  the  base,  however,  certain  beds  are 
found,  almost  identical  with  the  underlying  marine  Silurian 
strata,  and  containing  similar  fossils  pointing  to  a  temporary 
removal  of  the  barrier,  and  the  return  of  marine  foi-ras.  Tliese 
marine  bands  are  overlain  by  a  great  thickness  of  lacustrine 
deposits,  till  about  5000  feet  from  the  base  we  find  remark- 
able evidence  of  another  return  to  marine  conditions.  At 
Carmichael,  in  Lanarkshire,  a  band  of  shale  has  yielded  a 
graptolite,  Orthoceras,  Beyrichia,  etc. — forms  which  must 
have  survived  in  the  open  sea  since  Upper  Silurian  time. 
The  conditions  favourable  to  their  existence  in  the  Old  Red 
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The  Upper  Old  Eed  Sandstone  strata  of  Scotland  are 
separated  from  all  older  formations  by  a  strong  unconforma- 
bility,  indicating  an  upheaval  of  the  continental  area,  and 
prolonged  denudation  of  the  old  land  surface,  composed  of 
the  crystalline  schista,  together  with  Silurian  and  Lower  Old 
Eed  Sandstone  strata.  On  this  land  surface  were  still  to  bo 
found  some  of  the  Old  Ked  lakes,  much  reduced  in  size,  but 
still  containing  a  few  of  the  descendants  of  the  denizens  of 
the  Lower  Old  Red  waters.  In  these  land-locked  basins  the 
breccias,  sandstones,  and  shales  forming  the  upper  division 
of  the  system  were  accumulated,  and  in  these  deposits  were 
entombed  the  remains  of  such  tishea  as  HoloptythiKS  and 
PtericJdkys  major,  while  in  the  open  sea  the  Carboniferous 
Limestone  formation  was  being  built  up  by  marine  animal 
life.  As  the  land  in  the  northern  areas  gmdnally  sank,  the 
lacustrine  and  littoral  deposits  were  succeeded  conformably 
by  estuarine  and  marine  strata  of  Lower  Carboniferous  age,  and 
a  much  newer  faciea  of  fish  fauna  followed  the  Old  Ked  types. 
This  seems  to  rae  to  be  the  explanation  of  the  peculiar  rela- 
tions of  the  Upper  Old  Eed  Sandstone  to  the  Lower  Carboni- 
ferous rocka  of  Scotland.  Sometimes  the  Upper  Old  Eed 
strata  are  separated  from  the  Lower  Carboniferous  rocks  by 
an  important  development  of  volcanic  rocks  ;  but  when  this 
volcanic  zone  is  absent,  it  is  difficult  to  draw  a  boundary 
line  between  them.  Notwithstanding  this  apparent  passage, 
there  is  a  wide  divergence  in  the  respective  fish  faunas,  the 
Upper  Old  Eed  forms  being  more  nearly  allied  to  those  of 
the  lower  division  of  the  system  than  to  the  overlying  Car- 
boniferous species.  This  remarkable  palieontological  break 
in  a  conformable  series  of  strata  can  be  satisfactorily  ex- 
plained if  we  regard  the  Upper  Old  Ked  fishes  as  the  sur- 
vivors of  an  older  fauna,  still  confined  to  land-locked  basins, 
while  the  Carboniferous  forms  suddenly  gained  access  to  the 
Scottish  area  from  tlie  open^a,  where  they  had  developed  at 
a  much  more  rapid  rate  than  tJieir  less  favoured  relatives. 

The  relations  of  the  Lower  Carboniferous  rocks  of  Scotland 
to  the  Carboniferous  Limestone  formation  of  Central  England 
have  been  satisfactorily  proved  by  the  researches  of  the 
officora   of  the   Geological   Survey  of  the   latter    kingdom. 
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Carboniferous  Limestone  group  of  tlio  iiiidlaiid  counties  of 
England  was  laid  down.  The  fanna  was  on  tlie  whole 
cstuarino,  thongh  occasional  fresli-watcr  and  land  animala 
are  met  with.  Marine  fonns  rcscniMin^  those  in  the 
CarboniferouB  Limestuno  occur  in  tliiii  bands  ou  several 
horizons  throughout  the  group.  These  organisms,  especially 
the  bmchiopods,  though  in  places  met  with  in  lar^  numbers, 
are  confined  to  one  or  two  species  in  each  hand,  while  the 
individuals  are  stunted  and  dwarfed  as  if  they  had  lived  in 
an  uncongenial  habitat.  In  the  bonier  territory,  however, 
the  marine  fossils  in  some  of  these  beds  are  ns  well  developed 
and  the  species  are  as  varied  as  those  of  the  Carboniferous 
Limestone  of  central  Scotland.  Tliis  reseniMaiice  need  not 
be  wondered  at,  since  the  alternation  of  conditions  must  have 
been  precisely  the  same. 

In  the  different  areas  there  is  a  strong  similarity  1»etween 
the  marine  and  estuariiie  forms  of  tliu  invert elinita,  the 
species  being  nearly  identical.  Tmt  the  hi^'lier  Crustacea 
and  the  lishes,  especially  the  ganoids,  tliough  closely  allied, 
yet  dilfer  specifically — a  distinction  which  may  be  necounteil 
for  on  the  supposition  that  they  lived  in  diflevent  estuaries 
on  opposite  sides  of  the  Silurian  baiTior,  In  tho  western 
area  there  are  few  marine  forms  present,  the  fiwsils  being 
chiefly  ostracods,  but  when  marine  organisms  occur    they 
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the  zones  of  this  -series,  especially  the  limestones,  are  trace- 
able over  the  whole  of  the  south  of  Scotland,  This  formation 
ia  divisible  into  three  sub-groups  :  (1.)  a  lower,  comprising 
limestones,  sandstones,  shales,  coals,  and  ironstones;  (2.)  a 
middle,  containing  sandstones,  shales,  coals,  and  ironstones, 
with  no  limestones ;  and  (3.)  an  iipper,  containing  limestones, 
shales,  sandstones,  coals,  and  ironstones.  This  doctrine  is 
perhaps  better  illustrated  by  tliis  formation  than  by  any 
other  Scottish  deposit,  because  it  affords  remarkable  examples 
of  the  disappearance  and  reappearance  of  marine  organisms 
in  particular  areas  according  to  the  physical  conditions  which 
prevailed.  For  example,  the  corals,  crinoids,  spirifers,  pro- 
(lucti,  etc.,  so  abundant  in  the  lower  marine  limoBtonea,  are 
not  met  with  in  the  middle  subdivision,  but  the  very  same 
species  reappear  in  the  Upper  Limestone  group.  It  ia 
Apparent,  therefore,  that  the  marine  organisms  were  com- 
pelled to  migrate  to  a  more  congenial  habitat  during  the 
deposition  of  the  middle  group,  and  as  soon  as  the  conditions 
became  favourable  for  their  growth  they  reappeared,  having 
undergone  but  slight  modification.  The  very  same  pheno- 
mena are  observable  on  a  smaller  scale  in  the  respective 
zones  of  the  upper  and  lower  subdivisions.  When  the  suc- 
cession is  complete  the  following  is  the  arrangement  of  the 
strata  in  ascending  order: — {1.)  limestone  charged  with 
ordinary  marine  fossils  ;  (2.)  shales  yielding  stunted  marine 
forms ;  (3.)  sandstone ;  (4.)  fireclay  with  the  roots  of  plants 
which  is  overlain  by  a  coal  seam.  In  some  cases  oue  or 
more  of  these  members  may  he  absent,  but  the  others  pre- 
serve the  same  relative  order.  The  limestones  indicate 
deposition  in  clear  water  where  corals,  crinoids,  and  other 
marine  organisms  found  a  congenial  habitat;  the  shales 
point  to  the  deposition  of  fine  sediment,  and  the  gradual 
silting  up  of  the  sea  bottom,  conditions  which  were  unfavour- 
able to  the  growth  of  marine  life;  while  the  sandstones  in- 
dicate a  further  shallowing  of  the  sea  and  the  distribution  of 
coarse  sediment  by  marine  currents.  By  degrees  shallow 
lagoons  and  mudtlats  were  formed,  suitable  for  the  growth  of 
the  vegetation  now  stored  up  in  the  seams  of  coal.  The  bed 
of  limestone  which  frequently  forma  the  roof  of  a  coal  seam 
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represents  another  depression  of  the  land  surface,  and  the 
return  of  marine  organisms  forming  the  first  stage  in  the 
same  cycle  of  physical  conditions.  It  is  evident  that  during 
the  deposition  of  the  middle  coal-bearing  group,  where  the 
limestones  are  absent,  that  the  land  could  only  have  under- 
gone a  limited  submergence  after  the  accumulation  of  the 
vegetable  matter.  The  depth  of  water  was  not  sufficient  to 
allow  the  marine  organisms  to  migrate  to  those  areaa  of 
deposit  From  the  data  now  adduced  it  is  manifest  that  the 
existence  of  marine  oi^aiama  in  any  part<icular  area  of 
deposit  depended  solely  on  the  nature  of  the  physical  con- 
ditions, and  when  we  remember  that  the  same  cycle  of 
physical  conditions  must  have  been  repeated  again  and  again 
during  the  Carboniferous  Limestone  formation,  we  may  be 
able  to  appreciate  the  vast  amount  of  evidence  in  support  of 
the  ingenious  doctrine  propounded  by  Barraude. 

After  the  deposition  of  the  Millstone  Grit  the  overlying 
Coal-measures  point  to  fresh-water  conditions  or  land  sur- 
faces. The  latter  were  in  all  probability  more  extensive 
than  those  in  the  Carboniferous  Liinestoue  formation,  and 
may  have  been  connected  with  continental  areas.  This 
period  was  characterised  by  an  incursion  of  the  slowly 
uiigRiting  plants,  which  replaced  to  a  large  extent  those  met 
with  in  the  lower  coal-bearing  series.     It  is  a  remarkable 
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tenia  To  me  Uiis  discovery  is  particularly  intereBting,  as  I 
had  been  led  to  infer  from  the  structure  of  the  Carboniferous 
Eurypterus  that  it  was  a  land  animal.  Additional  proof  in 
support  of  this  conclusion  was  obtained  by  Sir  W.  Dawson 
in  the  old  tree-stumps  of  the  Joggins  Coalfield,  where  he 
found  masses  of  the  test  and  the  comb-like  organs  of  a 
Eurypterus,  besides  the  remains  of  reptilians,  gally-worms, 
and  a  snaU  (Pupa  vetuata) — all  land  animals  and  air-breathers. 
The  value  of  palieontological  evidence  in  determining  the 
geological  position  of  strata  is  admirably  illustrated  in  the 
case  of  the  Elgin  sandstones.  In  that  region  a  series  of 
yellow  sandstones  containing  a  remarkable  reptilian  fauna, 
found  elsewhere  in  Triassic  beds,  overlie  Upper  Old  Eed 
Sandstone  rocks  with  remains  of  Hohptychiiis.  The  physical 
relations  of  these  two  groups  of  strata  are  obscured  by  a  great 
development  of  superficial  deposits;  but  quite  recently  a 
section  has  been  exposed  in  a  quarry  near  New  Spynie,  in 
which  the  reptiliferous  sandstones  rest  on  the  Upper  Old  Red 
strata,  without  any  marked  unconformability,  save  a  thin 
band  of  conglomerate.  With  reference  to  the  age  of  the  red 
and  yellow  sandstones  yielding  Holoptychius,  there  has  been 
no  difference  of  opinion.  They  form  part  of  a  group  of  Upper 
Old  Red  Sandstone  strata  extending  along  the  south  shore  of 
the  Moray  Firth.  The  overlying  yellow  sandstones  contain- 
ing reptilian  remains  have  been  generally  regarded  by  geolo- 
gists as  belonging  to  the  Triassic  period  ever  since  the 
publication  of  Huxley's  monograph  on  the  fossils  derived 
from  these  beds.  Notwithatandiug  the  palieontological  evi- 
dence, a  few  geologists  still  cling  to  the  belief  that  the 
reptiliferous  sandstones  may  eventually  prove  to  be  a  higher 
portion  of  the  Upper  Old  Red  Sandstone.  It  seems  to  me, 
however,  that  there  is  an  overwhelming  amount  of  evidence 
supplied  by  the  organic  remains,  in  support  of  the  Triassic 
age  of  these  sandstones.  The  mere  fact  of  finding  reptilian 
remains  or  footprints  is  not  enough  to  decide  the  question  ; 
but  when  we  remember  that  these  remains  belong  to  true 
Urocodilians  {Stagmwlepis)  and  to  Lacertiliana  {Tderpet<m),  it 
is  sufficient  to  show  that  there  is  a  great  hiatus  between  the 
two  sets  of  rocks.     The  evidence  is  still  further  strengthened 
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by  the  recent  discovery  of  the  skall  oi  a  DicynodoQ  in  these 
saodstones,  now  in  the  possession  of  my  colleague,  Mr  Linn, 
which  was  briefly  described  by  our  distin;^uished  naturaliat, 
Dr  Traquair,  at  the  Aberdeen  meeting  of  ttie  llntish  Associa- 
tion. These  reptilian  remains  have  hitherto  been  obtained 
only  from  Triassic  strata  in  other  regions.  It  would,  indeed, 
be  rather  remarkable  if  such  highly-spccialiaed  animals  as 
those  whose  remains  are  found  in  the  Elgin  sandstones  should 
have  continued  without  any  modification  from  Old  Ked 
Sandstone  to  Triassic  times.  Tlie  discovery  of  reptilian 
remains  in  Old  Red  or  Silurian  rocks  would  not  be  in  the 
least  astonishing,  but  we  should  expect  them  to  possess 
Labyrinthodont  characters,  or  belong  to  a  more  archaic  type. 
The  organic  remains  associated  with  the  deposits  of  the 
Ice  age  help  to  throw  light  on  some  of  the  phases  of  that 
remarkable  period.  From  evidence  obtained  over  the  greater 
part  of  Scotland,  it  Is  apparent  that  the  boulder  clay  is  a 
product  of  land  ice.  That  such  a  formation  should  be  almost 
barren  of  fossils  is  just  what  miglit  be  expecteil  when  we 
remember  that  the  country  must  have  been  envcloi»ed  in  ice, 
which  radiated  from  a  few  centres,  and  invaded  the  .surround- 
ing shallow  seas.  The  oi^^anisms  that  tlourished  ontheuld  land 
surface  previous  to  the  advent  of  the  glacial  period  have  been 
almost  entirely  removed ;  and  it  is  only  at  rare  intervals  that 
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in  the  boulder  clay  clearly  show  that  the  ice  must  liave 
marched  inland  from  the  bed  of  the  adjoining  firth.  In  like 
manner,  the  ice  which  moved  seawards  from  Strathmore  was 
deflected  towards  the  north  after  reaching  the  present  coast- 
line, bearing  along  with  it  the  moraine  pro/onde  derived  from 
the  Old  Red  Sandstone  area.  And  so,  also,  the  great  mer  de 
glace  that  streamed  from  the  Great  Glen  into  the  basin  of  the 
Moray  Firth  must  have  crossed  the  north-eastern  part  of 
Aberdeenshire;  while  a  portion  of  the  same  ice-sheet  must 
have  been  deflected  towards  the  north-west  so  as  to  over-ride 
a  portion  of  Caithness.  For  onr  present  purpose,  it  is  of 
little  moment  whether  these  changes  in  the  trend  of  the  ice- 
flow  in  the  Moray  Firth  were  due  to  the  fanning  of  the  great 
glaciers,  or  to  the  presence  of  Scandinavian  ice  in  the  North 
Sea.  It  is  enough  to  indicate  that  the  direction  of  the  ice- 
markings,  the  distribution  of  the  stones  in  the  boulder  clay, 
and  the  organic  remains,  point  to  the  concUision  that  the 
Highland  ice  ploughed  up  the  accumulated  sediments  in  the 
basin  of  the  Moray  Firth,  and  deposited  them  over  part  of 
Caithness  and  the  Orkney  Islands,  in  the  form  of  a  dark, 
shelly  boulder-clay.  The  assemblage  of  fossils  in  the  Caith- 
ness and  Orcadian  boulder-clay  is  rather  remarkable.  Most 
of  the  shells  are  not  of  an  Arctic  type,  but  belong  to  species 
still  living  round  our  shores.  Along  with  these,  however, 
some  extinct  forms  are  associated.  No  less  interesting  is  the 
occurrence  of  recent  species  of  foraminifera  in  conjunction 
with  apecies  which  must  have  been  washed  out  of  the  chalk. 
The  chalk  foraminifera,  like  the  chalk  flints,  were  most  pro- 
bably derived  from  the  pre-glacial  denudation  of  Cretaceous 
beds  which  once  fringed  the  Moray  Firth  basin.  Almost  all 
the  shells  in  the  Caithness  boulder-clay  which  could  retain 
traces  of  glaciation  are  smoothed  and  striated  like  the  stones 
in  this  deposit.  None  is  found  in  the  places  where  they 
lived  and  died.  It  is  a  significant  fact  that  few  remains  of 
shore  shells  have  been  met  with,  most  of  the  shells  being  of 
the  same  species  as  those  now  inhabiting  the  sub-littoral 
zone  of  our  islands.  To  some  it  has  been  a  source  of  wonder 
that  the  shells  of  the  Caithness  boulder-clay  are  not  of  the 
same  Arctic  type  as  those  derived  from  the  glacial  clays  of 
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the  Forth  aod  Clyde ;  bat  this  peculiar  feature  may  be  aatis- 
factorily  accounted  for.  The  fossils  found  in  the  Caithness 
deposit  represent  the  fauna  that  had  lived  and  died  on  our 
shores  before  the  advent  of  the  glacial  period,  while  those  In 
the  Forth  and  Clyde  beds  belong  to  the  100  feet  sea-beach. 
The  latter  represent  the  Arctic  species  that  approached  our 
shores  after  the  climax  of  glacial  cold,  when  the  ice  retired 
from  the  shallow  seas  to  the  interior  of  the  country,  the  water 
in  the  various  fiords  being  kept  at  a  low  temperature  by  the 
melting  of  the  inland  ice.  During  the  climax  of  the  cold 
1)eriod  represented  by  our  boulder-clays,  the  ice-front  was  so 
far  out  to  sea,  that  no  marine  organisms  could  reach  our 
present  shore-line.  When  the  ice  had  completely  disappeared, 
owing  to  the  gradual  amelioration  of  climatic  conditions,  the 
old  denizens  of  our  shallow  seas  returned  again  to  their  former 
haunts,  while  the  Arctic  forms  migrated  to  the  bottom  of  our 
deepest  sea  lochs,  or  vanished  from  our  islands  altogether. 

On  the  south  side  of  the  Moray  Firth  there  are  beds  con- 
taining shells  in  the  position  in  which  they  lived  and  died. 
Intercalated  between  two  boulder-clays,  these  deposits  point 
to  a  warm  inter-glacial  period,  when  the  ice  must  have 
retreated  far  into  the  interior  of  the  conntry,  and  when  the 
land  was  submei^ed  to  a  depth  of  about  500  feet  When  the 
relations  of  these  beds,  now  being  studied  by  several  glacial- 
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moua  difTerential  pressure  to  which  they  were  subjected, 
they  cannot  be  expected  to  yield  distinct  fossil  forms.  The 
strata,  however,  are  nut  all  equally  crashed,  Quite  recently 
one  of  my  colleagues — ^Mr  Barrow— has  obtained  recognis- 
able fossils  like  serpulites  from  the  altered  limestones  of  the 
Perthshire  Highlands,  and  has  found  worm  burrows  in  the 
quartzitea.  Tliis  discovery  is  of  special  interest,  inasmuch 
as  it  shows  that  the  beds  are  not  utterly  destitute  of  organic 
remains,  and  it  encourages  the  hope  that  still  more  definite 
forms  may  be  found. 

West  of  a  line  drawn  from  Loch  Eribol  to  Skye,  the 
Archaean  rocks  lie  beyond  the  area  of  the  terrestrial  move- 
ments of  post-Silurian  time.  In  the  Archaean  series  there 
is  little  likelihood  of  organisms  ever  being  found,  for,  so  far 
aa  my  observations  have  gone,  in  tbe  North-West  Highlands 
I  have  never  seen  a  bed  which  could  be  regarded  as  of  sedi- 
mentary origin.  Indeed,  tbe  gneisses  all  bear  evidence  of 
having  been  formed  by  the  crushing  and  r  eery  stall  isa- 
tion  of  igneous  rocks,  their  schistosity  being  due  to  mecha- 
nical movement  of  the  particles  produced  by  differential 
pressure.  Between  the  formation  of  the  Archaean  gneisses 
and  the  deposition  of  tbe  Cambrian  conglomerates  and  sand- 
stonea  an  enormous  lapse  of  time  must  have  intervened. 
These  sedimentary  deposits  might  yield  fossils,  for,  in  certain 
areas,  tbey  lie  comparatively  undisturbed.  Prom  tbe  coarse 
material  of  which  they  are  composed,  and  the  indications  of 
rapid  accumulotion,  we  may  naturally  infer  that  tbey  repre- 
sent a  great  lacustrine  formation.  For  this  reason  it  is  not 
probable  that  they  will  readily  yield  remains.  There  is 
nothing  unreasonable  in  the  supposition  that  they  may  be 
the  equivalents  of  the  Cambrian  rocks  of  Wales,  which  have 
afforded  some  of  the  oldest  fossils  yet  known.  A  small  out- 
lier of  these  Cambrian  rocks  caps  the  headland  of  Cape 
Wrath  ;  and  it  is  interesting  to  note  that  there,  as  elsewhere 
in  Sutherlandahire,  the  component  pebbles  of  the  conglo- 
merate are  not  derived  from  the  underlying  gneiss.  A  lai^e 
percentage  of  the  stones  is  made  up  of  rocks  of  sedimentary 
origin,  auch  as  greywacke,  quartzite,  hardened  shales,  and 
cherty  limestones,  while  a  few  consist  of  a  slaggy  diabase 
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lava.  While  reflecting  on  tbe  biBtory  of  these  ancient  strata, 
one  cannot  avoid  asking  the  question — wheQce  came  these 
fragments  of  sedimentary  and  volcanic  rocks  that  belong  to  a 
period  intervening  between  the  Archaean  gneiss  and  the 
deposition  of  the  basement  beds  of  the  Cambrian  strata  ? 
And  yet  they  plainly  indicate  that  during  that  long  cycle  of 
time — which  may  be  aa  long,  or  even  longer,  than  that  ex- 
tending from  the  Cambrian  period  to  the  age  in  which  we 
live — the  same  geological  agencies  were  in  operation.  It 
cannot  be  doubted  that,  during  tbe  deposition  of  the  strata 
from  which  the  Cambrian  pebbles  were  derived,  forms  of  life 
of  some  sort  must  have  flourished  on  the  earth.  It  becomes, 
therefore,  a  matter  of  absorbing  interest  to  search  for  relics 
of  these  strata  which  may  throw  light  on  this  vast  interval 
of  time.  Surely  they  may  yet  be  met  with,  not  converted 
into  schists;  indeed,  there  is  every  reason  to  hope  that  some 
traveller  may  light  on  them  in  some  remote  part  of  the  globe 
like  that  described  by  Eichtbofen,  where  a  rich  fauna  may 
be  exhumed  from  strata  older  than  those  now  known  as  the 
Primordial  Zone.  When  studying  palieontology  at  the  School 
of  Mines  under  my  revered  teacher  Salter,  I  well  remember  how 
he  spoke  of  bis  eager  search  in  the  Longmynd  strata  fur  fossils 
older  than  those  of  the  Lingula  flags.  I  could  not  then  under- 
stand how  the  discovery  ofsuch  a  fossil  aaPo^aeo/iy^  Ramxayi 
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I, — On  the  OecurrcTice  of  the  Bottle-Nosed  or  Beaked  JVJiale 
(Hyperoodon  rostratus)  in  the  Scottish  Seas,  with 
Ohsei-rations  on  its  External  Characters.  By  Sir 
William  Turner,  M.B.,  LLD.,  F.K.S.,  Professor  of 
Anatomy,  University  of  Edinburgh;  President  of 
the  Royal  Physical  Society. 

(Reaa  20th  January  1883.) 
The  term  "  bottle-nosed  whale "  is  one  which  in  popular 
speech  is  applied  somewhat  indiscriminately  to  various 
species  of  Cetacea.  When  used  zoologically  it  is  intended  to 
designate  that  particular  kind  of  toothed  wliale,  which 
naturalists  have  now  agreed  to  call,  notwitlistanding  the 
inappropriateness  of  the  name,  Wyperoodon,  and  which  is  re- 
presented in  the  North  Atlantic  by  the  species  rostratus. 
The  name  Hyperoodon  applied  to  this  genus  of  cetacea  was 
given  to  it  by  the  French  naturalist,  M.  Laccpede,  who  stated 
that  the  palate  (™-*/"?"/)  was  rough,  with  "  very  small,  un- 
equal, hard  and  ])ointed  teeth."  ^  This  statement  purports 
to  be  based  on  the  dissections  made  by  M.  Baussard  of  a 
large  female  and  young  female  captured  near  Honfleur  in 
September  1788.  On  referring,  however,  to  M.  Baussard's 
description,*  I  find  he  does  not  state  that  these  animals  weie 
provi<led  with  palatine  teeth,  but  that  the  palate  in  the 
young  animal  was  furnished  "with  small,  hard  and  sharp 
points,  d'une  demiligne  d'elevation,  and  rather  unequal,"  and 
that  they  were  somewhat  longer  and  stronger  in  the  mother 
than  in  the  calf.  The  presence  of  palatine  teeth  in  a  mammal 
would  indeed  be  contrary  to  all  experience. 

The  first  definite  evidence  of  this  whale  was  obtained  as 
far  back  as  1717,  when  on  23d  September  a  young  female, 
14  feet  long,  was  stranded  at  Maldon  in  Essex.  It  was 
e.vamined  and  figured  as  the  bottle  head  or  flounder's  head 
by  Mr  Samuel  Dale,*  who  also  stated  that  another  of  this 

'  Hiatoire  Naturellc  dea  Citacfes,  PariB,  p.  320, 

'  Observations  sur  k  Pliysiqiic,  siir  I'HJatoirc  Nitarelle,  etc.,  Uoreli  17SP, 
p.  SOI,  tome  xxxiT. 

"  History  and  Antiquitios  of  Harwich  and  Dovoreonrt,  liy  Silas  Taylor, 
iTilh  Appendi):  on  the  Natiirnl  History,  by  Samuel  Dale,  p.  4U,  PI.  xiv., 
LotidDn,  1732. 
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kind,  21  feet  long,  was  caught  about  the  same  time  near  the 
mouth  of  the  same  channel  at  Bradwelt-juxta-Mare.  In 
1783  the  famous  John  Hunter  obtained  a  female  specimen 
in  the  Thames,  many  points  in  the  anatomy  of  which  are 
described  in  his  classical  essay  "On  the  structure  and 
economy  of  whales,"  ^  and  the  skeleton  of  which  is  preser^'ed 
in  the  Huntfirian  collection  in  the  Museum  of  the  Royal 
College  of  Suigeons  of  England.  Since  that  date  other  speci- 
mens have  Irom  time  to  time  been  recorded  as  seen  on 
the  English  coast  For  example,  Mr  James  (now  Sir  James) 
Paget,  in  his  Catalogue  of  the  Fauna  and  Rora  of  Yarmouth,* 
states  that  one  was  caught  in  November  1816,  and  a  smaller 
specimen  about  twenty' years  before;  one  was  captured  in 
the  Hnmber  in  1837,  the  skeleton  of  which  is  in  the  Hull 
Museum ; '  one  in  September  1839  at  tlimby,  near  Cocker- 
mouth  ;  *  probably  another  on  East  Hoyle  Bank,  also  in 
September  1839 ;  apparently  a  female,  taken  at  Aust  Passage, 
on  the  Severn,  in  October  1810,  the  skeleton  of  which  has 
been  preserved  in  the  Bristol  Institution;'  a  young  male 
on  the  coast  of  Devonshire  in  September  1846,  the 
skeleton  of  which  is  in  the  Museum  of  the  College  of 
Sut^eons  of  England ; '  three  specimens  near  Liverpool 
in  1850,  1852,  and  1853  respectively;^  that  caught  at 
East  Hoyle  Bank  in  the   month   of  Au^'ust    ll^5.i  is  s 
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and  a  young  one  near  the  same  place;  a  female  taken  at 
Weston-super-Mare,  and  measured  by  Mr  Crotch ;  ^  an  adult 
female  and  a  young  one  in  October  1860  at  Wbitstable  in 
Kent,  the  skeleton  of  the  adult  and  a  part  of  that  of  the 
young  animal  are  in  tbe  British  Museum  ;  -  an  adult  female 
in  the  Menai  Strait  in  September  1877;*  the  skull  of  an 
adult  male  recorded  by  Mr  Thomas  Southwell  as  brought  up 
in  a  trawl  in  March  1881  on  the  Great  Fisher  Bank,  and 
now  in  the  Norwich  Museum.* 

M.  Gervais,  in  the  chapter  on  Hyperoodou  m  the  Osteo- 
graphie  des  C^lach,  by  M.  van  Beneden  and  himself,  baa 
given  a  record  of  a  number  of  specimens  of  this  whale  cap- 
tured on  the  coaBt3  of  France,  Belgium,  and  Holland.  The 
estuaries  of  the  Seine  and  the  Scheldt  have  frequently  been 
resorted  to  by  these  cetaceans  in  the  summer  and  autumn 
seasons,  and  the  museum  at  Caen  in  Normandy  contained 
at  one  time  three  crania  and  also  an  entire  skeleton  of  this 
animal.  One  of  these  skulls  is  probably  that  of  the  female 
caught  at  Honfleur  with  its  young  one  in  September  1788, 
which  has  been  already  referred  to  as  described  by  M.  Bauasard. 
A  specimen  taken  at  Zaudvoort,  on  tbe  Dutch  coast  on  24th 
July  1846,  was  dissected  by  Vrolik,  and  formed  tbe  subject 
of  the  most  complete  account  of  the  anatomy  of  this  animal 
which  has  yet  been  published.^ 

Hyperoodon  rostratus  lias  also  been  captured  on  the  coasts 
of  Scandinavia,  and  specimens  are  referred  to  in  the  ceto- 
logical  writings  of  Pontoppidau,  Eschricht,  Nilsson,  Lilljeborg, 
and  Malm. 

The  first  specimen  of  Hyperoodon  to  be  recognised  as 
having  an  Irish  habitat  was  stranded  at  Killiney,  near 
Dublin,  in  September  (1824?),  and  was  described  by  Dr  A. 

'  J.  E,  Gray  on  llyptruodon  in  Proc.  Zool.  Soc,  1860,  vol,  xavui.,  p.  iii  ; 
aud  Gstalogui?  of  Seals  and  Wbsles,  p.  334. 

*Rov.  G.  Bcardaworth  in  Proc,  Zool.  Soc.,  IStli  Novembflr  1880,  vol. 
xjiviii.,  p.  373. 

"Zoologist,  3rd  serieB,  1S7S,  vol.  ii.,  p.  13. 

*  Zoologist,  3rd  aeries,  1881,  vol.  v.,  p.  258.  1  am  indebted  to  Mr  SoiitU- 
wsU  for  wuie  of  tha  above  rctcnuici:!!!. 

*  Natunrk,  VerhaudeL  van  de  UitlluniUobo  Uitatach.  dur  Weteniich.  lo 
Hoarleui,  1818. 
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Jacob  in  au  admirable  memoir  published  in  1825,'  in  wliicli 
he  showed  the  inapplicability  of  M.  LocepMe's  generic  name, 
and  suggested  instead  Ctio-diodon.  The  skeleton  of  this 
animal  is  preserved  in  the  Museum  of  the  Soyal  CoU^  of 
Surgeons  in  Dublin.  Subsequently  the  late  Mr  William 
Thompson  of  Belfast  wrote  and  published  two  papers  of 
notes  of  eight  other  specimens  captured  on  the  coast  of 
Ireland  up  to  the  end  of  October  1845,*  and  it  is  stated  that 
five  of  these  were  taken  in  the  months  of  either  August, 
September,  or  October.  The  crania  of  three  Irish  specimens 
of  Hyperoodon  are  preserved  in  museums  in  Dublin,  in 
addition  to  the  skeleton  of  the  animal  described  by  Dr 
Jacob ;  and  the  skull  of  the  specimen  captured  in  Belfast 
Lough,  29th  October  1845,  is  preserved  in  the  Belfast 
Museum. 

Mr  W.  Thompson,  in  the  Jirst  of  his  papers  on  bottle 
nosed  whales,  refers  to  a  newspaper  account  of  two  speci 
mens  captured  together  in  October  1839  in  Lochryan,  Wig 
townshire,  which  he  thought  from  their  size  might  bt 
examples  of  Hyperoodon.  Although  their  sex  is  not  stated 
it  is  not  unlikely  that  they  were  a  mother  and  a  your 
one. 

In  October  1845  au  adult  female  and  a  young  femal 
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(iiitunm,  near  Alloa,  with  preparations,"  To  the  beat  of  luy 
knowledge,  this  paper  was  not  printed,  as  the  publications 
of  the  Wernerian  Society  had  ceased  to  take  place  some 
years  previous  to  that  date.  Fortunately,  however,  a  few 
facta  about  these  animals  have  been  preserved  by  Mr  William 
Thompson  in  the  second  of  his  papers  on  bottle-nosed  whales. 
He  states  that  he  was  in  Edinburgh  on  Slat  October  18i5, 
two  days  after  the  capture  of  the  UyjHrooilon  in  Belfast 
Lough  above  referred  to,  and  to  his  astonishment  met  in  the 
street  the  carcase  of  a  Hijperoodon  being  carted  to  the 
iloological  Gardens  to  be  cleaned,  and  the  skeleton  prepared 
for  the  Museum  of  the  University.  From  Mr  Goodsir  and 
fais  assistant,  Mr  Melville,  he  ascertained  that  this  whale 
was  kiUed  in  the  Firth  of  Forth  on  29th  October,  that  it 
"measured  281  feet  in  a  line  from  the  tip  of  the  snout  to 
the  middle  of  the  caudal  tin,  not  following  the  curvature, 
but  as  if  a  plumb-line  were  dropped  from  one  point  to  the 
other.  It  was  a  female,  nud  was  accompanied  by  a  young 
female  (9  feet  long  measured  in  the  same  way),  wliich  waa 
still  sucking ;  the  mammte  of  the  mother  were  distended 
with  milk,  which  appeared  very  rich  in  butter,  and  tasted 
pleasantly." 

Since  the  year  1854,  when  I  was  appointed  Oemonatrator 
of  Anatomy  in  the  University  by  the  late  Professor  Goodsir, 
I  have  been  acquainted  with  the  bones  of  a  Hyperoodon  in 
the  University  Mnseum,  which,  though  unmarked,  I  have 
always  regarded  as  the  specimen  takeu  at  Alloa.'  So  Ion; 
aa  the  osteological  collection  was  housed  in  tlie  University 
buildings  in  the  South  Bridge,  through  want  of  room  ihi 
bones  were  not  articulated ;  but  when  I  moved  the  collectiou 
to  the  Anatomical  Museum  in  the  new  buildings  of  the 
University  some  months  ago  I  had  this  skeleton  articulated 
and  suspended.  The  bones  were  all  completely  ossified,  for 
the  epiphyses  were  all  united  to  their  respective  diaphyses. 
As  articulated,  the  skeleton  measured  in  a  straight  line  from 
the  tip  of  the  lower  jaw  to  the  last  caudal  vertebra,  2;! 
8  inches ;  and  the  extreme  length  of  the  skull  in  a  straight 


'  Through  u  ulotic&l  u 
Qkagaw,  1S80,  thUapeci 
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<i  in  Mr  K   R.  AlBtoa'ii  "  Fauna  of  Scotland," 
u  ia  said  to  have  buon  caught  at  Qaoauifctry. 
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line  rrom  the  tip  of  the  mandible  to  the  most  projecting  part 
of  the  occipital  condyle  waa  S  feet  4(  inches. 

Owing  to  a  careless  reading  of  Mr  Wm.  Thompson's  article, 
in  which  reference  is  made  to  this  specimen  of  Hyperoodon, 
the  late  Dr  J.  E.  Gray,  in  his  paper  "On  the  Genus 
Hyperoodon :  the  Two  British  Kinds  and  their  Food," '  wrote 
that  it  was  obtained  on  the  29th  October  1839.  He  repeated 
thia  error  twice  in  his  "  Catalogne  of  Seals  and  Whales," 
pp.  331,  339 ;  and  those  authors  who  have  followed  his 
guidance  withoat  referring  to  the  original  authority  have 
again  repeated  it,  ao  that  it  is  now  wide  spread  in  cetolt^cal 
literatuze.*  In  futnre  I  hope  that  the  correct  date  (1845) 
will  be  given  when  this  specimen  ia  referred  to. 

In  August  1871  a  Hyperoodon  was  stranded  alive  at 
Fraserburgh,  on  the  coast  of  Aberdeenshire.  Dr  Struthers 
has  recorded  ■  some  particulars  of  this  specimen.  It  measured 
along  the  curve  of  the  back  20  feet  9  inches,  and  in  a  straight 
Hue  19  feet  3  inches.  It  was  believed  to  be  a  male,  though 
its  sex  was  not  precisely  ascertained.  It  waa  not  an  adult, 
for  the  epiphyses  of  the  bodies  of  the  movable  vertebrae  were 
all  separate. 

With  the  exception  of  a  skull  from  the  Orkneys  in  the 
Britiah  Maspnm  •  of  which  niOT8  •will  be  sai"!  fnTther  on,  no 
\\  al'  a  Hyperoodon,  in  adilitioii  to  tluwfi  rcierred 
:r,  been  put  on  I'ecord.' 
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which  Mt  Anderson  subsequently  sent  me  in  a  letter,  I 
gatliered  that  the  animal  was  a  Hyperoodon,  and  I  purchased 
the  skull  and  so  much  of  the  rest  of  the  skeleton  as  had  been 
preserved,  and  placed  the  bones  in  the  Anatomical  Museum 
of  the  Univeraity,  Mr  Audei'sou  wrote  to  me  that  "  the 
whole  length  of  the  whale,  from  the  tip  of  the  nose  to  the 
tail,  was  23^  feet,  and  the  spread  of  the  tail  was  4J  feet. 
The  upper  and  lower  jaws  were  very  small  and  pointed.  The 
beak  was  1  foot  9  inches  from  tlie  tip  to  the  end  of  the 
opeoing  of  the  mouth.  The  head  rose  abruptly  from  the 
base  of  the  beak.  The  dorsal  fin  was  behind  the  middle  of 
the  back,"  That  this  whale  was  Eyjicroodon  rostratus  I  at 
once  recognised  when  the  skull  reached  me,  and  from  the 
complete  ossification  of  the  vertfibra;  it  was  obviously  an 
adult  specimen.  I  received  no  information  as  to  its  sex,  but 
it  was  most  probably  an  adult  female. 

In  1879  I  read  in  the  &o/*man  newspaper,  September  24th, 
that  a  whale  had  been  captured  at  Grangemouth,  on  the 
Firth  of  Forth,  on  the  previous  day.  I  went  to  see  the 
animal,  and  made  some  notes  of  its  dimensions  and  appear- 
ance. It  was  a  female  Hyperoodon  rostratus,  and  its  greatest 
length  in  a  straight  line  was  26  feet.  Its  greatest  girth  two 
feet  behind  the  pectoral  limb,  was  15  feet.  From  the  angle 
of  the  mouth  to  the  tip  of  the  upper  jaw,  24  inches ;  and 
from  the  same  to  the  tip  of  the  lower  jaw,  25i  inches.  The 
blow-holo  was  transverse,  and  situated  7  inches  behind  a  line 
drawn  vertically  from  the  eye  to  the  top  of  the  head.  The 
head  swelled  out  into  an  eminence  at  the  base  of  the  beak, 
and  contrasted  strongly  with  the  attenuated  beak  and  short 
cleft  of  the  mouth.  The  falcate  dorsal  fin,  19  inches  high, 
was  behind  the  middle  of  the  back,  and  a  line  from  its 
anterior  border  fell  vertically  9  inches  in  front  of  the  vulva. 
From  the  umbilicus  to  the  front  of  the  vulva  was  3  feet 
6  inches.  A  nipple  was  seen  on  each  aide  of  tlie  vulva,  and 
the  anus  was  immediately  behind  it  The  breadth  in  a 
straight  line  between  the  lobes  of  the  tail  was  6  feet  4  inches. 
The  body  was  cylindriform  between  the  pectoral  limb  and 
dorsal  fin,  and  was  laterally  compressed  from  the  region  of 
tlie  dorsal  fin  to  the  root  of  the  tail,      In  colour  the  animal 
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was  dark  elftty  grey  on  the  back  and  sides ;  lighter  grey,  but 
never  vhite,  on  the  belly,  the  sides  of  the  upper  and  lower 
jaws,  and  the  angle  of  the  mouth.  No  teeth  were  visible, 
but  a  groove  was  seen  along  the  edge  of  the  gum.  This 
whale  was  sold  by  the  Custom  House  authorities  for  exhibi- 
tion  at  the  Binningham  Aquarium. 

A  few  days  afterwards  I  heard  from  the  ofBcere  of  Customs 
that  a  smaller  whale  of  the  same  kind  had  been  found  dead 
on  September  24th,  on  the  shore  at  Blackness,  a  few  miles 
lower  down  the  Firth  of  Forth,  and  also  sold.  I  traced  it 
with  the  view  of  procuring  the  skeleton,  but  found  that  the 
bones  had  been  broken  up  for  manure.  This  animal  was 
said  to  be  only  14j  feet  long,  and  was  without  doubt  the 
young  of  the  larger  female  stranded  at  Grangemouth  on 
September  23d. 

In  September  1883  two  whales  were  stranded  at  South 
Queensferry,  and  purchased  by  an  oil  merchant  in  Kirkcaldy. 
From  the  description  which  he  has  given  me  they  were 
clearly  two  specimens  of  Hyperoodon,  probably  mother  and 
calf.  Their  bones  were  not  preserved.  In  the  beginning  of 
October  of  the  same  year  a  whale  about  19  feet  long  was 
stranded  at  Loch  Banza,  in  the  island  of  Arran.  Through  the 
kindness  of  Dr  Neil  Fullarton,  of  Brodick,  I  obtained  the 
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When  placed  on  ita  belly  at  full  length,  it  measured  in  a 
straight  line  20  feet  6  inches  from  the  tip  of  the  lower  jaw  to 
the  mid-point  of  the  tail ;  but  when  the  tape-lino  followed 
the  curvature  of  the  back  it  was  22  feet  4  inches  long.  The 
beak  was  attenuated,  and  only  13  inches  long,  and  the  lower 
jaw  projected  scarcely  one  iucli  beyond  the  tip  of  the  beak. 
The  month  slit  was  21J  inches  long,  and  uo  mandibular 
teeth  were  seen  projecting  through  the  gum.  At  the  base  of 
the  beak  the  head  ascended  rapidly  and  almost  vertically, 
though  with  a  alight  convexity  forward.  It  presented  a 
boss-like  protuberance  looking  directly  to  the  front,  and 
measuring  from  the  base  of  the  beak  19  inches  high  by  13 
inches  wide.  It  gave  to  the  front  of  the  head  a  highly 
characteristic  appearance.  Behind  this  boss  the  outline  of 
the  head  showed  a  slight  depression ;  behind  which,  again, 
the  outline  of  the  back  ascended  by  a  gentle  curve  to  the 
highest  point  of  the  back,  wliich  in  a  vertical  line  was  3  feet 
H  inches  above  the  platform  on  which  the  whale  rested. 
The  highest  point  of  the  head  in  a  vertical  line  was  only 
2  feet  10  inches  from  the  platform.  From  the  highest  point 
of  the  back,  which  was  about  midway  between  the  root  of  the 
pectoral  fln  and  the  inferior  border  of  the  base  of  the  dorsal 
fin — being  3  feet  9  inches  from  the  latter — the  outline  of  the 
back  sloped  gently  backwai'ds  and  downwards  to  the  dorsal 
fiu.  Behind  the  dorsal  fin  the  outline  of  the  back  descended 
very  rapidly  to  the  tail,  and  along  this  rapid  descent  the 
summit  of  the  back  was  keeled,  and  the  keel  was  prolonged 
for  a  short  distance  on  to  the  dorsum  of  the  tail.  The  sides 
of  the  body  between  the  plane  of  the  dorsal  fin  and  the  tail 
were  flattened,  receded  from  before  backwards,  and  had  a 
very  slight  convexity  from  above  downwards.  In  front  of 
the  dorsal  fin  the  body  was  much  more  bulky,  and  with 
convex  sides.  A  depression  running  antero-posteriorly  marked 
the  lower  border  of  the  convexity,  due  to  the  great  mass  of 
muscles  of  the  back.  The  widest  part  of  the  head  was 
between  the  two  eyes,  and  the  greatest  width  of  the  body 
only  slightly  exceeded  the  widest  part  of  the  head. 

The  dorsal  fin  was  behind  the  middle  of  the  back ;  it  had 

a  convex  anterior  border  and  a  falciform  posterior  border. 
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Ulun  far  me  bj  J  Stcwirt  Sn  Itb  Esij.,  buJ  were  cut  in  wood  by 
Hr  D.  U  Tnnibull. 
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Its  height  was  12}  inches,  ami  the  antero-posteriur  liinmeter 
at  the  base  waa  18  inches.  The  anterior  hortler  of  the  h 
of  the  dorsal  fin  was  8  feet  7  inches  in  Ciont  of  the  midiile  of 
the  tail,  and  13  feet  5  inches  behind  the  tip  of  the  upper  jaw. 
The  lobes  of  the  tail  were  attenuated  at  the  tips,  which  pro- 
jected further  hack  than  the  middle  of  the  tail,  so  that  the 
outline  from  tip  to  tip  was  concave.  Bnt  there  was  no 
median  notch  on  the  posterior  border,  which,  indeed,  was 
slightly  convex  at  and  immediately  on  each  aide  of  the 
middle  of  this  border.  The  breadth  of  the  tail  from  tip  to 
tip  was  5  feet  7  inches. 

The  flipper  was  remarkably  small  for  so  large  an  animal. 
Its  length  was  2  feet  5  inches,  and  its  antero-posterior 
diameter  at  the  base  was  8J  inches.  The  anterior  border  of 
its  Ijase  was  5  feet  5  inches  from  the  tip  of  the  lower  jaw. 
The  anterior  border  was  slightly  convex  in  its  whole  length. 
The  posterior  border  was  thin,  at  first  almost  straight,  and 
then  curved  rapidly  forward  to  the  point  or  tip. 

The  blowhole  on  the  top  of  the  head  was  transverse,  with 
the  two  ends  a  little  bent  forwards,  so  that  it  was  slightly 


lartvT  r«ce  view  of  the  beiil.^tlie 
boijy  Wing  foreshortened. 


'  concave  in  front.     Its  transverse  diameter  was  5  inches,  and 
it  was  not  divided  on  the  surface  into  two  uares.      Its  dis- 
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tance  from  the  anterior  border  of  the  root  of  the  dorsal  fin 
was  9  feet  8  inches.  The  eye  as  it  appeared  between  the 
two  lids  was  small.  It  was  almost  in  a  direct  line  with  the 
angle  of  the  mouth,  and  1^  inches  behind  it.  The  orilice  of 
the  ear,  which  would  only  admit  a  probe,  was  in  line  with 
the  back  of  the  eye,  and  7  inches  behind  it. 

The  ventral  surface  of  the  whale  showed  a  pair  of  lateral 
furrows  in  tlie  integument  of  the  under  surface  of  the  head, 
which  began  10  inches  behind  the  tip  of  the  lower  jaw,  and 
extended  for  19  inches  backwards  from  their  commencement. 
Knch  fjroove  was  about  half  nn  inch  deep.  At  their  com- 
mencement they  were  only  2{  inches  asunder,  but  they 
diverged  from  each  other  as  they  passed  backwards,  and  the 
posterior  end  of  each  M'bs  bent  outwards,  so  that  they 
included  between  them  a  triangular  area  of  integument.  The 
penis  protruded  through  a  mesial  furrow  in  the  belly,  and  its 
place  of  protrusion  was  8  feet  in  front  of  the  middle  of  the 
tail,  and  13^  inches  in  front  of  the  anal  slit.  Tliis  slit  was 
■iK  inches  in  antero-poiiterior  diameter.  The  umbilicus  waa 
22J  inches  in  front  of  the  spot  where  the  penis  pi-otruded, 
The  anterior  border  of  the  dorsal  fin  was  in  a  plane  midway 
between  the  umbilicna  and  the  place  of  protrusion  of  the 
penis. 

It  ia  difficult  to  describe  the  colour  of  this  Hyperoodon. 
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the  boss-like  protnbei'auce  above  the  beak  it  was  2J  inches 
thick;  but  subjacent  to  the  blubber  was  a  mass  of  much 
softer  yellow  fat,  about  9  inches  thick,  out  of  which  the  oil 
could  easily  be  squeezed.  When  this  was  cut  through,  the 
space  between  the  maxillary  ridges  of  the  skull  was  opened 
into,  and  from  it  a  quantity  of  almost  pure  yellow  oil  Howed. 
Immediately  in  front  of  the  blowhole  and  nasal  passages  the 
8ub-cutaneou3  tissue  consisted  of  a  thick  and  dense  fibrous 
layer,  in  which  some  fat  was  infiltrated.  The  skeleton  of 
this  Hyperoodon,  when  cleaned,  will  be  articulated  and  aus- 
j}ended  in  the  Anatomical  Museum  of  the  University  of 
Edinburgh. 

I  shall  now  specially  refer  to  some  points  in  the  external 
configuration  of  Hyperoodon,  and  consider  them  in  connection 
with  corresponding  parts  in  other  Ziphioids,  and  in  the  Sperm 
whale. 

I  have  described  ou  the  ventral  surface  of  the  head  and 
neck  of  the  Dunbar  specimen  a  pair  of  shallow  diverging 
furrows  in  the  integument.  In  the  Belfast  specimen  (29th 
October  1845),  recorded  by  Mr  William  Thompson,  Mr  James 
Bryce  described  "  the  marking  at  each  side  from  behind  the 
lip,  e."£tending  under  the  chin  in  the  direction  of  the  belly,  is 
14  inches  in  length ;  in  breadth  it  is  2  inches  anteriorly  and 
9  inches  posteriorly."  By  the  term  "  marking  "  he  obviously 
meant  the  trinngulai'  area  between  the  diverging  fuiTows. 
Mr  Melville,  who  assisted  in  the  dissection  of  the  Alloa 
specimen,  stated,  in  a  note  recorded  by  Mr  W,  Thompson, 
that  he  "  forgot  to  ascertain  the  point  at  which  the  triangular 
process  of  skin  under  the  throat  commenced  posteriorly,  but 
anteriorly  it  reached  to  the  middle  of  the  lower  jaw."  Esch- 
richt  referred  to  n similar  pair  of  furrows;  and  the  Rev.  Mr 
Seardsworth  saw  them  in  the  specimen  stranded  near  Whit- 
stable,  Kent,  iu  1860. 

Furrows  of  a  similar  kind  were  described  by  Sowerby  in 
the  Mesoploilon  bidem  stranded  at  Brodie,  Elgin,  in  1800.' 
They  are  figured  as  meeting  anteriorly  in  the  Irish  specimen 
of  this  whale  recorded  by  Mr  W.  Andrews,  Professor  Eein- 
hardt  saw  them  in  the  specimen  caught  at  Hevringholui 
'  BrilUli  Mbcollany  of  New  or  lUro  Animals,  vol.  i.,  p.  1,  180S. 
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Strand.'  They  were  also  Been  in  both  of  the  Shetland  speci- 
mena  of  Soweiby'a  whale,  which  I  have  described,^  and  in  my 
sumnmiy  of  the  estemal  appearance  of  this  animal  I  have 
given  "a  pair  of  furrows  convei^ng  in  front  on  the  under 
surface  of  the  throat "  as  one  of  the  characters.  They  were 
present,  also,  in  the  Ziphioid  whale  described  by  Burmeister 
aa  Epiodon  avstrale,'  bat  which  is  probably  the  same  as 
Ziphius  caviroslria.  Hence  their  presence  is  a  character  to 
be  looked  for  in  the  sub-family  of  Ziphioid  whales.  But  if 
one  may  rely  on  the  accuracy  of  Fig.  7  in  Fl.  XIX.  of 
Cbamisso's  Memoir,  "  Cetaceorum  maris  Kamtschatici,"  it 
would  appear  that  in  the  sperm  whale  {Physetcr  macro- 
cej^ialus)  a  similar  pair  of  converging  furrows  meeting  in 
front,  as  in  Sowerby's  whale,  existed.  Hence,  one  may 
extend  the  generalisation,  and  state  that  in  the  whole  family 
of  the  Physeteridai  a  pair  of  converging  furrows  is  present 
on  the  ventral  surface  of  the  head.  The  presence  of  these 
furrows  is  interesting  as  furnishing  an  approximation,  in  this 
family  of  whales,  to  the  much  more  extensive  and  welt-known 
iluted  appearance  of  the  belly,  seen  in  the  Rorquals  or 
Bahenopterids. 

In  Hyperoodon,  Sfesoplodon,  and  ZiphUts,  the  pectoral  limb 
or  flipper  is  small  in  relation  to  the  size  of  the  animal.    In  all 
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The  published  figures  of  Hijperoodon,  in  which  the  tail  U 
so  placed  as  to  enable  one  to  see  its  shape,  do  not  alwaya 
correspond  in  their  representation  of  the  posterior  border. 
In  Dale's  figure'  of  the  Maldon  specimen  this  border  is 
shown  as  if  notched  at  its  mid-point,  as  is  the  case,  for 
example,  in  the  whalebone  whales.  In  Hunter's  figure  *  of 
the  Thames  specimen  the  tail  is  also  represented  as  notched 
Miesially.  In  Vrolik's  figure*  of  the  Zandvoort  specimen, 
and  in  Dr  Gray's  figure  of  a  specimen  taken  at  Aust  Passage 
in  October  1840,  a  similar  notch  is  also  shown.  But  in 
Baussard's  figure  of  the  Houfleur  specimen  {op.  dt.,  PI.  I.)  this 
border  is  not  notched ;  and  Captain  David  Gray  both  figures 
and  describes  the  tail,  instead  of  being  notched  in  the  centre, 
as  round  in  the  middle.*  My  observations  on  the  Dunbar 
specimen  also  showed  that  instead  of  a  mesial  notch  there 
was  a  slight  projection  at  and  immediately  on  each  side  of 
the  middle  of  the  posterior  border  of  tlie  tail ;  so  that  the 
figures  in  which  a  mesial  notch  is  represented  are  in  this 
respect  inaccurate,  I  have  described  and  figured  a  similar 
form  of  tail  in  Mtsoplodon  bidens,^  and  Bnrmeister  has 
figured"  the  tail  of  liis  Epiodon  (Ziphitts)  as  possessing  the 
same  shape.  Hence  the  absence  of  a  mesial  notch,  and  the 
presence  of  a  slight  convexity  in  the  middle  of  the  posterior 
border  of  the  tail,  is  a  family  character  in  tlie  Ziphioid  whales. 
In  the  sperm  whale,  again,  according  to  Beale "  and  to  Bennett, 
a  slight  notch  or  depression  posteriorly  is  situated  between 
the  two  lobes  of  the  tail. 

Owing  to  M.  Baussard's  description  of  the  palate  in  the 
Honfleur  Hijpcrood&n,  and  the  interpretation,  though  erro- 
neous, put  upon  its  structure  by  M.  Lacepede,  1  was  natu- 


"  British  Zoology,"  vol.  iii.,  pL  vii., 
Tbig  figure  u  copiod  into  BcU'« 
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*  Proc.  ZooL  Soc.  London,  Doc.  19, 18S2.    8m  «Iio  hia  GgnrM  1-S. 
■  Jounial  of  AuAt.  aud  Phys.,  Oct.  ISSS,  voL  xi.,  pi.  iv, 

*  Analva  de  Muaeo  Publito  de  Buouoh  Aires,  Entrega  quintu,  torn  i.,  pi.  iv. 
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rally  led  to  examiue  with  care  the  roof  of  the  mouth  in  the 
Dunbar  specimeiL  The  palatal  niucoua  iiiembrane  was  not 
uniform  in  appearance.  In  the  anterior  third  it  was  studded 
generally  with  very  sliort  papillie — so  short,  indeed,  that  they 
would  probably  have  been  overlooked  if  my  attention  had 
not  been  directed  specially  to  them.  In  the  middle  and 
posterior  two-thirds  the  palatal  mucous  membrane  vis&  quite 
smooth  in  the  centre  of  the  palate ;  but  on  oacli  side,  up  to 
the  groove  that  marked  the  junction  of  the  palate  nnd 
upper  lip,  it  was  studded  with  multitudes  of  short  papitlif, 
some  of  wliioU  were  sharp,  others  truncated,  and  which  were 
80  stunted  as  to  be  very  slightly  elevated  above  the  general 
plane  of  the  mucous  membrane. 

I  shall  now  pitas  to  the  consideration  of  the  dentition  of 
Hyperoodon,  and  shall  describe  what  I  have  seen  in  connec- 
tion with  both  the  lower  and  ii]>per 
jaws;  and  in  working  out  the  dissection 
which  was  required  I  have  been  aided 
by  my  museum  assistant,  Mr  James 
Simpson.  When  the  gum  was  removed 
from  the  tip  of  the  lower  jaw,  the  points 
of  a  pair  of  mandibular  teeth  were  ex- 
posed about  half  an  inch  from  the  sur- 
face. The  crowns  of  these  t«Gth  were 
about  half  an  inch  long,  aud  the  fangs 
were  imbedded  in  the  mandible.  Ou 
shaving  oft'  thin  slices  of  the  gum,  for 
about  three  inches  behind  each  uiau- 
dibular  tooth,  the  sacs  of  seven  rudi- 
mentary denticles  were  exposed  in  the 
substance  of  the  gum.  Each  sac,  with 
a  single  exception,  was  not  larger  than 
woidd  contain  a  big  shot,  and  each  con- 
(inm  of  a  poriiou  of  tained  a  soft  uucalcified  or  partiiilh 
DLiB  KiilB  of  the  lower  jaw         i   ■,-    i  j      .-   i  .-        .i 

iieliud   the  uininubuiar   Calcined  denticle  representing  the  crow 

i°.rbJtr!l"ri'o1  "f  »  tooth.  These  aaos  were  eepamt 
to  ihow  thetooth  pulps  from  each  other  by  intervals  of  not  m 
and  51CS.     This  «nd  '■'■,,,„  , 

luoccediDg    figure    hnvo   than  hall  an  inch.     Behind  the  lasl 
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symphyBis,  no  other  sacs  were  seen;  but  behind  the  symphysis 
there  were  found  in  the  substance  of  the  gum  on  each  side 
rudimentary  calcified  denticles,  six  in  number  on  the  right 
side  and  four  on  the  left.  Each  denticle  was  about  a  quarter 
of  an  inch  long,  and  had  a  simple  conical  form.  These  rudi- 
mentary teeth  were  separated  by  intervals  of  three  (juarters 
of  an  inch.  Each  tooth  lay  horizontally  or  obliquely  in  the 
gum,  and  was  surrounded  by  an  ill-defined  sac,  to  the  wall 
of  which  it  was  partially  adherent.  The  symphysial  part  of 
the  lower  jaw  was  covered  by  a  smooth  mucous  membrane ; 
but  where  it  became  continuous  with  tlie  gum  it  was  faintly 
roughened  with  minute  papilloj. 

A  distinct  groove  marked  the  junction  of  the  palate  and 
the  upper  lip.  At  the  posterior  end  of  this  groove,  on  each 
aide,  a  rudimentaiy  pointed  tooth 
about  a  quarter  of  an  inch  long 
projected  through  the  mucous 
membrane  into  the  mouth,  and  was 
80  loosely  attached  to  the  gum  as 
to  be  movable  to  and  fro.  Five 
additional  and  similar  teeth  were 
situated  on  each  side,  in  antero- 
posterior series,  in  front  of  the  one 
just  described ;  but  they  were  con- 
cealed in  the  gum,  which  had  to  be 
partially  removed  in  order  to  expose 
them,  their  depth  from  the  surface 
increasing  from  behind  forwaids. 
■The most  anterior  of  these  denticles 
was  12  inches  behind  the  anterior 
end  of  the  upper  lip.  But,  furtlier, 
on  dissecting  the  gum  which  covered 
the  left  side  of  the  upper  jaw  at  its 
anterior  end,  a  tooth  sac  three-six- 
teenths of  an  inch  in  diameter  was 
exposed,  which  was  filled  by  a  den- 
ticle slightly  calcitied  on  the  surface, 
but  soft  within ;  but  there  was  none 
on  the  right  aide.     Dissections  of 


I  of  tlie 


Fig.  4, 
PortloD  of  Uie  gan 
lert  half  oF  the  upper  jaw. 
L,  lip;  D,  denUry  groove,  in 
wliich  four  calc^iHed  dttDticles 
liave  been  cxpofiad  by  ilunec- 
tion.  The  denticle  niBrked  x 
projected  llirough  the  cum  into 
tlie  cavity  of  the  inoDtb. 
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the  nidimentary  teeth  and  of  the  palatal  mncouB  membrane 
are  preserved  in  the  University  Museum. 

It  is  known  that  in  Hyperoodon  rostratm  teeth  have  not 
generally  been  recognised  as  protruding  through  the  gum  into 
the  cavity  of  the  mouth  of  the  living  animal,  so  that  it  appears 
to  be  edentulous.  When  the  gum  is  removed,  however,  from 
the  anterior  end  of  the  lower  jaw,  two  well-known  distinct 
teeth  are  exposed  lodged  in  the  mandible  near  its  tip,  from 
tlie  presence  of  which  the  specific  name  hidens  has  sometimes 
been  applied  to  this  animal  Occasionally,  however,  a  second 
mandibular  tooth,  also  concealed  by  the  gum,  has  been  re- 
cognised close  behind  the  first.  Chemnitz  found  a  second 
smaller  tooth  on  one  side  of  the  jaw  of  his  specimen,  but  not 
on  the  other.'  Schlegel  said*  that  the  skeleton  in  the  Leyden 
Museum  had  two  teeth  on  the  right  side  of  the  mandible 
upwards  of  an  inch  apart,  and  only  one  on  the  left  side.  Mr 
Wm.  Thompson  figured  *  two  mandibular  teeth  about  an  inch 
asunder  on  each  aide  of  the  jaw  of  the  Belfast  skeleton. 
The  most  complete  account  of  the  dentition  of  Hyperoodon 
has,  however,  been  given  by  Eschricht,*  who,  in  his  admirable 
memoir  on  this  animal,  described,  in  a  specimen  which  he 
dissected,  not  only  the  two  well-known  mandibular  teeth, 
but  a  series  of  small  denticles  in  each  side  of  each  jaw. 
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speoiraen,  and  of"  more  tliaii  two  in  t^chricht'a  animal,  they 
were  so  sniall,  and  their  attachment  to  the  gnni  so  insecure, 
that  they  could  have  had  no  fanction.  In  Sowerb/s  whale 
(Mesoplodon  bidens),  boUi  Gervais  and  Reinhardt  liave 
described  rndinienlary  teeth,  other  than  the  two  well-known 
mandibular  teeth  of  this  animal.  In  a  species  of  Maoplodon 
described  by  Von  Haa-st,  rudimentary  denticles  were  seen. 
In  Burmeiater'a  Ziphtiia,  and  in  a  Ziphina  cavirostris  examined 
by  Gervaia,  a  similar  arrangement  was  observed.  It  follows, 
therefore,  that,  in  all  the  genera  of  the  Ziphioid  sub-family 
which  have  been  most  completely  studied,  rudimentary 
functionless  denticles  occur  in  addition  to  that  pair  of  man- 
dibular teeth  which  usually  assume  considerable  dimensions, 
though  in  Hyperoodon  these  teeth,  seeing  that  they  do  not 
pierce  the  gum,  are  also  functionless.  The  dentition  of  the 
Ziphioids  so  far,  therefore,  as  regards  the  number  of  tooth 
pulps,  is  as  complete,  or  almost  as  complete,  as  in  the 
Delphinidos.  although  they  do  not,  with  the  exception  of  one 
pair  of  mandibular  teeth,  attain  a  similar  development. 

Another  point  which  especially  requires  attention,  is  the 
shape  of  the  head  and  skulh  It  is  well  known  that  the  late 
r>r  J.  E.  Gray  described  and  figured'  a  cranium  in  the  British 
Museum,  which  liad  been  obtained  from  the  Orkneys,  as  a 
distinct  species  by  the  name  of  Hi/pcroodon  taU/rotis,  and 
subsequently  he  gave  it  the  generic  name  of  Lagenoedtis, 
This  skull  was  distinguished  from  those  of  S.  rastratut 
usually  found  in  museums,  by  having  the  maxillary  cresta 
much  higher  than  the  frontal  crest,  and  so  much  broader  and 
thicker  that  they  almost  met  raesially.  Although  many 
zoologists  accepted  R.  lalifroTn  as  a  good  species,  yet,  the 
eminent  cetologisls,  I'rofessors  Gervais  ^  and  Eschriclit,'  were 
not  satisfied  that  it  was  distinct,  and  regarded  the  great  de- 
velopment of  the  maxillary  crests  merely  as  a  mark  of  age, 
and  of  the  male  sex.  Dr  Gray,  in  his  various  controversial 
writings  on  this  subject,*  was  in  the  habit  of  referring  to  the 

'  Zoology  of  Voyage  of  "  E«1)U8  "  »nd  "Terror,"  18*8,  i>.  27,  PI.  iv. 

*  Oatiiograpliiu  lies  Ci'Ucva. 

>  On  tbo  GnngDtio  Diil|)liiu  — Ann.  and  lUg,  If«l.  HUL,  1852,  vol.  ix. 

•  On  Ugp<!rvidon   tK./riKu— AiinaU  of  Nut, 
p.  407.     Catalogue  of  Seali  aud  Wlialus. 
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skull  of  the  adult  female  Byperoodon  captui-ed  at  AHoa,  in  the 
Anatomical  Mnsenm  of  the  University  of  Edinburgh,  as,  from 
the  form  of  its  skull,  a  specimen  of  H.  latifront.  In  a  cotre- 
spondence  which  I  had  with  Mr  Thomas  Southwell.of  Norwich, 
some  time  ago  about  this  specimen,  I  stated  to  him  that  it  did 
not  possess  the  broad  lofty  crests  which  Dr  Gray  gave  as  the 
specific  mark  oi  H.  laiifrona,  so  that,  as  Mr  Southwell  very 
properly  has  pointed  out,  the  only  instance  adduced  by  Br 
Gray  in  favour  of  his  new  genus,  in  which  the  sex  was  said 
to  have  been  noted  in  the  flesh,  is  disposed  of.^  1  can  give 
DO  explanation  of  how  Dr  Gray  came  to  regard  the  specimen 
from  Alloa  as  like  the  Orkney  skull  with  the  broad  and 
lofty  maxillary  crests,  for,  so  far  as  I  know,  its  skeleton  has 
not  been  described,  and  a  mere  glance  at  the  specimen  would 
satisfy  any  one,  that  in  its  entire  configuration,  it  resembled 
the  usual  figures  of  the  skull  of  H.  rostrahis. 

But  the  question  of  the  specific  distinctness  of  If.  latifrona 
has  recently  been  set  at  rest  by  the  observations  of  the  enter- 
prising whaling  seaman.  Captain  David  Gray,  who  lias 
especially  applied  himself  to  the  capture  of  Jiyperoodon  for 
commercial  purposes.'  From  the  lai^e  number  of  specimens 
which  he  has  kiUed,  of  both  sexes  and  of  various  ages,  he  has 
been  able  to  show  that  the  skulls  with  narrow  maxillary 
crests  oj'a  those  either  of  females  or  young   malts ;  and  lie 
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to  the  front  of  the  auimal's  head  an  abruptly  vertical  profile, 
80  well  seen  in  Captain  Gray's  figures,  which  at  once  dis- 
tinguishes it  from  the  convex  profile  of  the  female  and  young 
male. 

I  shall  now  give  some  comparative  measurements  of  the 
four  crania  of  Uypcroodon  rosiratm  in  the  Anatomical 
Museum  of  the  University  of  Edinburgh  : — 
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I  have  been  careful  to  name  the  months  in  which  the  speci- 
mens of  Hyperoodon  for  the  first  time  recorded  in  this  paper 
were  captured,  as  they  corroborate  the  statements  made  by 
other  naturalists  that  the  autumn  is  the  time  when  Ilyjicr- 
oodon,  in  its  annual  southward  migration  from  the  Arctic 
Ocean,  visits  the  coasts  of  North-Western  Europe.  Our  best 
authorities  on  the  geographical  distribution  and  migration  of 
this  whale  are  the  late  Professor  Eschricht'  and  Captain 
David  Gray  of  the  whaling  steamer  "Eclipse,"  ^  and  the  latter 
authority  states  that  Hyperoodon  is  not  seen  in  summer 
further  south  than  a  day's  sail  from  the  ice.  September  and 
October  are  the  two  months  in  which  it  most  usually  has 

'  Die  Nonlisclion  Walltliicre,  Leipzig,  1849. 

'  Proc.  Zool  Soc.  LondoD,  Dec.  IS,  1882,  p.  7^6. 
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been  captured  ia  the  British  Islands,  or  on  the  coasts  of 
France,  Belgium,  and  Holland ;  two  or  three  have  been  taken 
in  August,  but  Vrolik's  specimen  was  obtained  at  Landvoort 
in  July ;  one  of  Sir  James  Paget's  specimens  was  captured  in 
November,  my  Dunbar  specimen  early  in  November,  and  a 
female  recorded  by  Lilljeborg,'  caught  in  1749  at  Frederiks- 
hall,  on  the  coast  of  Norway,  as  late  in  the  year  as 
17th  November.  The  capture  of  this  last-named  animal 
has  an  especial  interest,  as  a  picture  of  it  was  in  the  pos- 
session of  LinnsDus.  Lilljeborg  states,  on  the  authority  of 
I'rofessor  Nilsson,  that  a  female  aUtut  20  feet  long  was 
stranded  at  Landskrona,  in  Sweden,  in  April  182;J:  pro- 
bably this  animal  was  migrating  northwanls  for  the  summer 

A  few  words  may  now  be  said  as  to  the  sex  of  the  speci- 
mens captured  on  the  coasts  of  Western  Eurojie.  With  very 
few  exceptions  they  have  been  females,  and  not  unfre(|uently 
each  female  has  been  accompanied  by  a  young  calf.  ISut 
occasionally  an  immature  male  has  been  secured.  Thus  the 
specimen  taken  in  Belfast  Lough  in  October  1845,  descrilveil 
by  Mr  Wm.  Thomiwon — that  taken  on  the  Devonshire  coast 
in  September  1846,  the  skeleton  of  which  is  in  the  Museum 
of  the  College  of  Surgeons  of  England — a  specimen  taken  on 
Fast   Hoyle  Bank,  August  1853 — my  siiccimen  from  Ixjch 
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their  return  journey  in  the  Gpring,  keep  further  out  to  sen 
than  do  the  adult  females  and  younger  anituala. 

la  conclusion,  I  may  state  that  I  have  preserved  the 
greater  part  of  the  viscera  of  the  Dunbar  ffyperoodoji,  and 
my  examination  of  these  will  give,  I  hope,  material  for  a 
second  communication  to  the  Society. 


II.  On  the  Hatchijuj  of  Herring  Ova  in  Deep  Water.      By 
J.  C.  EwART,  Esq.,  M.D.,  Professor  of  Natural  History, 

University  of  Edinburgh. 

(RpiaietUDwemberlfieS.) 

The  importance  of  the  Scottish  Herring  Fisheries  is  so 
great,  that  it  becomes  us  as  a  nation  to  do  our  utmost  to 
learn  everything  tliat  is  likely  to  throw  light  on  the  life- 
history,  migration,  anil  other  habits  of  the  herring,  and  to 
discover,  hy  experiment  and  otherwise,  the  best  methods  of 
distributing  and  preserving  them  when  captured. 

Hitherto  learned  societies  in  this  country  have  not  con- 
cerned themselves  much  with  iho  practical  application  of 
science,  but  it  seems  to  me  the  time  has  come  when  science 
might  with  great  advantage  begin  to  point  the  more  ex- 
cellent way  to  those  engaged  in  the  ordinary  business  of 
every-day  life.  There  is  perhaps  no  industry  in  wluch  there 
is  more  room  for  improvement  than  the  fishery  industry; 
there  is  certainly  no  industry  in  which  Scotland  has  so  much 
interest  as  the  fishing  industry.  Notwithstanding  this,  we 
are  still  painfully  ignorant  of  the  habits,  food,  and  mignitions 
of  moat  of  the  food-fishes,  and  we  know  still  less  of  the 
nature  of  the  spawn  and  of  the  time  of  spawning.  Further, 
we  have  almost  everj'thing  to  learn  as  to  the  distribution  of 
fresh  fiah,  and  as  to  the  most  economical  means  of  preserving 
those  not  required  for  immediate  consumption. 

During  comparatively  recent  years  some  striking  changes 
have  been  efl'eoted  in  the  herring  fishing.  First  of  all,  there 
has  been  an  immense  increase  in  the  "  take."  In  1810  only 
90,000  barrels  were  cured ;  in  1820  there  were  nearly  450,000 
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barrels.  Af^r  this  cornea  a  period  of  flnctuation,  the  take 
in  1882  being  250,000;  in  1830,  450,000;  and  in  1840,  over 
650,000.  From  1840  to  1874  it  varied  from  500,000  to 
1,000,000  barrela  In  1876  tbe  take  was  600,000 ;  in  1878, 
900,000 ;  while  in  1880  it  reached  the  wonderfnl  total  of 
1,480,000  barrels,  and  last  autnmn's  take  was  nearly  as 
great. 

Although  there  has  been  an  increase  in  the  "take,"  the 
rate  of  increase  has  not  been  commensurate  with  the  increase 
in  the  amount  of  netting.  Since  the  introduction  of  cotton 
nets  and  of  large  herrii^  boats,  the  means  of  capture  has 
been  increased  enormously.  An  idea  of  the  catching  power 
will  be  best  understood  when  it  is  mentioned  that  the  nets 
in  use  during  the  autumn  off  the  Scottish  coast  would,  if 
iixed  cud  to  end,  be  long  enough  to  stretch  three  times  across 
the  Atlantic 

Another  change  that  has  taken  place  is  in  the  position  of 
the  fiahiug  ground.  In  former  years  herring  approached  our 
shores,  and  often  entered  in  immense  numbers  the  firths  and 
bays  along  the  east  coast.  Br  Gordon,  in  1852,  refers  to 
the  Moray  Firth  shoahi  congregating  on  the  Guillam  bank 
(which  lies  near  the  mouth  of  the  Cromarty  Firth),  and  in 
earlier  times  they  often  penetrated  far  into  the  Cromarty 
Firth. 
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during  the  laat  two  years — an  enormous  number  of  exceed- 
ingly small  herring  have  been  captured,  not  only  off  the 
Scottish  coast  during  the  autumn,  but  ofl'  the  English  coast 
during  the  winter.  Owing  to  the  markets  being  flooded  with 
lai^e  quantities  of  small,  immature  fiah,  the  fishery  industry 
has  to  a  great  extent  been  paralysed.  The  cause  of  this  is 
undoubtedly  largely  due  to  the  fishermen  using  small  meshed 
uets,  which,  while  they  fail  to  "  mesh  "  the  large  fish,  capture 
large  numbers  of  small,  often  immature  fish  that  are  scarcely 
fit  for  food.  There  is  every  reason  to  believe  that  the 
present  unsatisfactory  state  of  the  herring  fishery  might  soon 
disappear  were  the  fishermen  and  curers  to  arrange  to  use  nets 
with  a  mesh  measuring  at  least  an  inch  from  knot  to  knot. 

A  matter  of  even  more  vital  importance  than  the  size  of 
the  fish  captured  is,  will  the  offshore  shoals  disappear  or 
diminish  (as  has  been  the  case  with  the  inshore  shoals)  if 
we  annually  invade  them  with  our  large  fishing  fleets  ?  This 
will,  to  a  great  extent,  depend  upon  whether  the  herring 
are  able  to  reproduce  themselves  without  visiting  the  inshore 
spawning  banks ;  and  granting  this  to  be  possible,  whether 
they  will  select  spawning  grounds  sufficiently  neai'  our  shores 
to  render  iheur  capture  a  profitable  enterprise  for  our  fisher- 
men. That  the  continued  success  of  the  herring  fishing,  to  a 
great  extent,  depends  on  these  two  conditions,  will  be  at  once 
evident,  if  we  consider  under  what  circumstances  the  capture 
of  large  numbers  is  rendered  possible.  It  is  not  sufficieut 
that  herring  exist  in  great  numbers  around  the  coast;  what 
is  necessary  is  that  they  should  be  found  in  large  shoals  in 
certain  limited  areas.  It  seems  that  herring  only  congregate 
in  large  numbers  over  limited  areas  during  the  spawning 
season.  A  remarkable  fact  is  that  immature  as  well  as 
mature  fish  visit  the  spawning  ground.  The  mature  fish,  led 
by  their  spawning  instinct,  seek  a  suitable  bank,  probably 
the  one  where  they  first  saw  the  light,  on  which  to  deposit 
tlieir  eggs ;  and  the  immature  forms,  because  of  their  gre- 
garious or  other  instincts,  follow  in  their  train — the  mature 
fish  swimming  deeper  and  deeper  as  the  season  advances, 
while  the  immature  keep  near  the  surface,  feeding  on  Cope- 
pods,  Thysanopoda,  and  other  minute  pelagic  forms.    This 
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partly  accounts  for  ooi  fisliennen  captnring  with  their  amall- 
meshed  nets  bo  msny  small  fish. 

Whether  herring  are  likely  to  remain  sufficiently  near  oar 
shores. to  be  within  easy  reach  of  the  fishermen,  or  whether 
they  are  likely  to  proceed  further  and  further  to  sea,  we  need 
not  discuss  at  length  in  the  meantime,  but  it  may  be  pointed 
out  that,  if  tlie  eggs  are  capable  of  hatching  in  deep  water 
(say  in  from  GO  to  100  fathoms),  almost  any  of  the  maoy 
gravel-coated  banks  of  the  North  Sea  might  serve  as  spawn- 
ing beds.  Afl  is  well  known,  the  Xorth  Sea  is  remarkably 
shallow.  If,  e.g.,  we  draw  a  line  fi-om  Kinnaird's  Head  to 
the  Naze  on  the  south  of  Norway,  the  depth  nowhere  exceeds 
70  fathoms,  until  we  are  within  some  thirty  miles  off  the 
Norwegian  coast  Again  we  find  the  50  fatliom-line  is  abont 
100  miles  from  the  coast  between  St  Abb's  Head  and  Mon- 
trose; while,  in  order  to  get  50  fathoms  water  orF  Aberdeen, 
we  require  to  sail  eastwards  fifty  miles.  ISetween  Peterhead 
and  Orkney,  however,  the  50  fathom-liue  lies  from  twenty  to 
thirty  miles  from  the  coast.  As  a  matter  of  fact,  there  ia 
only  one  small  area  off  the  east  coast  whore  a  depth  of  100 
fathoms  is  reached.  This  area,  generally  known  as  the 
"pot,"  lies  from  two  to  five  miles  off  Fraserburgh,  and  the 
greatest  depth  is  107  fathoms. 

Having  seen  that  the  North  Sea  is,  genemlly  speaking. 
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not  theywould  develop  iu  tlie  usual  way.  An  attempt  to  do 
this  was  made  in  1884,  but  without  success.  Iu  the  autumn 
of  1884  I  was  unable  to  join  the  "  Jackal  "  until  the  fishing 
season  was  nearly  at  an  end.  However,  after  some  difficulty, 
ripe  herring  were  obtained,  and  the  artificially  fertilised  eggs 
deposited  in  the  deep  water  olF  Fraserburgh  in  wooden  boxes 
specially  constructed  for  the  purpose.  Unfortunately,  a 
storm  set  in  the  day  before  it  was  an'anged  to  haul  up  the 
boxes,  and  although  diligent  search  weis  made  in  all  direc- 
tions in  the  vicinity  of  the  "  pot,"  it  was  impossible  to  find 
any  trace  of  either  the  buoyg  or  the  hatching  boxes. 

Owing  to  the  Moray  Firth  being  in  many  respects  unsuit- 
able for  this  experiment,  I  turned  my  attention  to  the  west 
coast,  and  found  a  comparatively  sheltered  spot  in  Loch 
Fyne,  with  a  depth  of  104  fathoms.  To  insure  success,  I  had 
a  small  tank  constructed  of  thick  slate  slabs  firmly  bound 
together  by  iron  rods.  The  tank,  though  only  about  20 
inches  square,  weighed  nearly  2  cwts.  In  the  top  and  in 
two  sides  of  this  tank,  small  windows  were  made  about 
6  inches  square.  Each  window  was  carefully  fitted  with  a 
teak  frame,  across  which  a  single  layer  of  horse-hair  cloth 
was  stretched.  These  windows  admitted  a  sufficient  current 
of  water  to  pass  through  the  tank.  All  the  necessary  pre- 
parations having  been  made  for  depositing  the  tank  during 
last  autumn,  we  were  arranging  to  have  eggs  conveyed  from 
the  east  coast,  when  it  was  discovered  that  herring  were 
spawning  in  Loch  Fyne.  Mr  Brook,  who  was  engaged  at  tlie 
Fishery  Board  Tarbert  Station  during  the  autumn,  kindly 
undertook,  in  my  absence,  to  obtain  eggs  and  superintend 
the  sinking  of  the  tank  iu  the  100  fathom  water.  Eggs  were 
obtained  on  the  11th  of  September  from  herring  caught  in 
Kilbrannan  Sound  in  water  varying  from  8  to  12  fathoms. 
All  the  eggs  were  placed  at  first  in  the  laboratory  in  water 
which  had  an  average  temperature  of  54"  Fahr.  Some  of 
those  that  were  kept  in  the  laboratory  hatched  out  on  the 
19th,  wliile  others  only  hatched  on  the  24th,  thirteen  days 
after  fertilisation. 

On  the  16tb,  one  of  the  glass  plates,  coated  with  ^gs,  was 
introduced  into  the  slate  tank  above  mentioned,  and  the  tank 
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was  immediately  conveyed  to  the  middle  of  the  channel  and 
deposited  io  98  fathoms  water,  about  three  miles  off  Tarbert 
The  tank  was  lowered  by  means  of  a  strong  manilla  rope,  to 
the  upper  end  of  which  a  lai^  cask  was  attached  to  serve  as 
a  buoy.  The  surface  temperature  was  54'  Fahr,,  the  bottom 
temperature  waa  49°  Fohr.  The  bottom  around  the  tank 
was  chiefly  composed  of  mud.  On  the  24th — i.e.,  thirteen 
days  afler  fertilisation,  and  eight  days  after  the  e^  were 
deposited  in  98  fathoms  water — the  tank  was  raised.  On 
examining  the  glass  plate,  it  was  found  a  number  of  the  eggs 
in  the  centre  had  been  destroyed  by  a  fine  coating  of  mud, 
which  had  entered  through  the  hair-cloth  screen,  while  those 
near  the  margins  contained  vigorous  embryoes  almost  ready 
to  hatch ;  in  a  few  cases  hatching  had  taken  place.  The 
averse  bottom  temperature  while  the  eggs  were  deposited 
was  493°  Fahr.;  the  average  surface  temperature,  54°  Faht,, 
the  difference  being  4-7°.  This  is  a  much  smaller  difference 
than  was  expected,  and  may  be  accounted  for  by  warm 
bottom  currents  running  along  the  deep  narrow  channel 
which  extends  from  opposite  Tarbert  towards  Ardrishaig. 
Tlie  difference  of  4-7°  during  the  eight  days  which  the  eggs 
were  deposited  delayed  hatching  for  about  five  days. 

This  experiment  clearly  shows  that  the  only  difference 
between  the  liatcliinj.'  of  herring  ova  iu  tlce]i  and  ahallow 
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But  although  it  has  been  proved  that  herring  ova  are 
capable  of  hatching  in  deep  water,  it  may  be  said  that  the 
fry  wonld  never  succeed  in  finding  their  way  to  the  surface ; 
and  further,  that  having  reached  the  surface,  the  food  so 
necessary  for  the  early  stages  of  their  existence  may  not  be 
found  forty  to  sixty  miles  from  shore.  Pirst,  aa  to  their 
power  of  reaching  the  surface. 

In  a  paper  published  in  the  Fishery  Board  Keport  for 
1883,  I  mentioned  that,  "as  soon  as  the  fry  escaped,  they 
began  to  ascend  by  a  wriggling  motion  towards  the  surface 
of  the  water,  rising  at  first  only  a  few  inches  at  a  time,  to 
turn  and  slowly  sink  bead  downwards  towards  the  bottom. 
During  the  first  day  they  seldom  succeeded  in  rising  more 
than  two  or  three  feet  from  the  bottom,  and  this  tijey  only 
succeeded  in  aceompHshing  after  many  attempts ;  but  on  the 
second  day  they  readily,  almost  without  a  single  rest,  rose 
three  feet  at  a  time ;  and  on  the  fourth  day  they  succeeded 
in  swimming  freely  on  the  surface  of  the  water." 

Tliere  can  be  little  doubt  aa  to  the  purpose  of  this  strong 
instinct  to  reach  the  surface ;  it  is  to  bring  them  to  the 
strata  of  water  in  which  there  is  the  largest  supply  of  food. 
When  hatched,  the  fry  have  in  their  yolk-sac  sufBcient 
nourishment  for  several  days— the  number  of  days  depending 
on  the  time  required  for  hatching.  Those  who  have  seen 
the  small,  almost  invisible,  newly-hatched  herring  fry  will 
naturally  think  100  fathoms  is  a  long  way  for  them  to  travel 
before  they  reach  their  food  supplies.  If,  however,  the  fry 
are  kept  under  observation,  it  is  found  that,  after  the  first 
day,  they  can  ascend  at  the  rate  of  a  fathom  per  minute.  At 
this  rate  they  could  ascend  100  fathoms  in  1  hour  40  niin. 
If  we  allow  for  a  rest  of  30  sec.  every  three  feet  for  the 
ascent,  we  have  another  hour  and  40  sec.  to  add.  Again,  if 
we  suppose  they  sink  30  inches  during  each  rest,  we  increase 
the  distance  to  be  covered  to  150  fathoms;  in  other  words, 
we  add  60  min.  to  the  time  required,  which  gives  a  total  of 
4  hours  10  min.  for  the  100  fathoms.  This  being  the  case, 
we  cannot  suppose  tliat  the  fry  would  have  any  difficulty  iu 
ascending  200  fathoms  before  the  nourishment  in  the  yolk- 
sac  was  exhausted. 
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We  are  not  weU  acf^uainted  yet  with  the  food  of  the  by, 
but  there  is  ao  doubt  about  the  richness  of  the  surface  buna 
beyond  even  the  fifty-mile  line.  The  surface  fauna  of  the 
Moray  Firth  is  extremely  rich,  and,  as  I  have  again  and 
again  proved,  surface  forms  are  nearly  as  abundant  forty 
miles  at  sea  as  they  are  inshore. 


III.  On  tke  Sptda  of  the  Genus  Paliboxyris,  Brongniart,  oc- 
cuTTing  in  British  Carhoni/eroux  Bocks.  By  Robert 
KiDSTOM,  Esq.,  F,RS.E,  F.G.S.     [I'late  I.] 

(Read  leth  December  I8SS0 

The  genus  Palccoxyns,  one  of  the  most  pi-oblematical  genera 
of  Palceozoic  plants,  was  described  by  lirun^uiart  in  1828  in 
his  "  Essai  d'une  flore  du  gres  bigarrc."  *  It  was  defined  as  a 
terminal  fusiform  inflorescence,  wliich,  with  the  exception  of 
the  stalk-like  extension  of  the  fossil,  was  covered  with  very 
regular  adpressed  rhomboidal  imbricating  scales. 

In  the  figures  which  accompany  the  description  of  the 
gcnus,^  Brougniort  figures  certain  delicate  lines,  which  appear 
to  arise  from  the  summit  of  the  fossil.  These,  he  tliought, 
might  be  the  remains  of  the  stamens  ami  Htylea.      He  also 
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Morria  in  1840  from  the  coal  measures  of  Coalbrook  Dale, 
as  Carpolithes  helicieroides} 

Prof.  Morris  gives  the  following  description  of  his  fossil : 
"  Fruit  ovato-Ianceolate,  attenuated  at  hoth  ends ;  polycar- 
pons  (?) ;  carpella,  4  or  5,  twisted  spirally,  but  not  close 
together."  He  further  adds :  "  The  apparent  resemblance  of 
this  specimen  to  the  cast  of  a  fruit  of  Hclideres,  has  sug- 
gested the  specific  nanre,  although  its  affinity  to  that  genus 
may  be  very  douttful," 

"  The  above  name  was  given  to  the  specimen  previously 
to  our  having  seen  a  somewhat  similar  fossil  described  by 
PresI  in  the  last  part  of  Sternberg's  Flora  d.  Vorwelt,  where 
it  is  placed  under  the  geaus  Palaoxyris,  Brongniart,  from  its 
supposed  resemblance  to  the  inflorescence  of  the  recent 
Xyris,  an  opinion  scarcely  borne  out  by  the  general  appear- 
ance of  this  fossil ;  it  has,  therefore,  been  retained  under 
Carpolithes,  for  the  reasons  stated  above." 

In  1844,  Schimper  and  Mougeot,  in  their  "  Monog.  des 
plantes  fossilea  du  grea  EigarriS  de  la  Chaine  des  Vosges,"  * 
still  retain  Palaoxtjris  among  the  Monocotyledons,  and  the 
same  position  ia  accorded  to  these  plants  by  Unger.* 

A  second  Carboniferous  species,  F.  carhonaria,  Schimper, 
was  described  by  Stiehler  from  Wettin  in  1850.* 

Qermar  in  his  description  of  this  species,  published  in 
1851,'  still  describes  the  fossil  as  covered  with  rhomboidal 
scales. 

Ettingahausen  in  1852  described  what  he  believed  to  be  a 
new  genus  of  fossil  plants  from  the  Wealden  of  Deister, 
Germany,  which  he  named  Palaobromclia.'^  These  fossils 
were  of  fusiform  shape,  and  composed  of  a  number  of  seg- 

'  Tnms.  Geol.  Soc,  2d  ser,,  vol,  v.    Ei|iliiu«tiou  to  liga.  lii  and  12a,  pi. 

•p.  il.    Leipsig. 

■  Sjnop.  pliQt.  fosB.,  j>.  leS.     1645  ;  and  Genera  et  Spucics,  p.  318.    38SO. 
•  2«itBuli.  A.  dent.  geol.  Gcscll.,  vol.  ii.,  p.  182,  pi.  vii.     Also  in  Bull,  dv 
la  Soc.  Giol.  de  Frunue,  2°  ser.,  vol.  vii.,  p.  flSO.     ISSO. 

'  Vcre.  d.  Stoicltohlcngcbirges  von  Wettin  and  LSbejin,  Hefl.  viL,  p.  95, 
pi.  »3giii.,  %  S. 

t  pHlieobruiDelia,  bid  neuea  Fosailee  Pflanzengeaehlocbt,  Abliandl.  d. 
L  BeichssustRlt,  1  Band,  3  Abtb,,  p.  1.    Wien,  1852. 
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ments  twisted  in  a  spir&l  manner,  and  be  was  euccesstul  in 
discovering  specimens  wliicli  showed  Uiat  these  curious  plants 
grew  in  verticils  or  umbels. 

Palaobromelia  was  supposed  to  differ  from  Palaoxyvia  by 
the  body  of  the  fossils  of  the  former  genus  being  destitute  of 
the  scales  supposed  to  occur  on  the  species  of  Ptilavxyria. 
The  supposed  difference,  however,  between  Pala-ohromdia 
and  PaUEoxyris  is  not  one  of  structure,  but  of  preservation,-— 
for  in  the  former  had  been  placed  nothing  other  than  un- 
compressed examples  of  Palao3:yris. 

Schimper  has  pointed  out  the  identity  of  these  two  genera,' 
and  under  the  name  of  Spiranr/ium,  describes  them  oe  com- 
posed of  several  leaves  (or  carpels  ?),  wliiuh  are  produced  at 
tlieir  base,  and  united  to  form  a  hexagonal  petiole,  which 
decreases  insensibly  towards  its  lower  extremity ;  above  this 
petiole  the  leaves  (or  carpels  ?)  are  twisted  in  an  ascending 
spiral  of  1  or  li  turns  around  an  axis  of  apparently  little 
consistency  or  thickness,  on  which  liad,  [lerhaps,  been  fixed 
the  floi-ai  organs  or  seeds.  Above  the  fusiform  swelling, 
produced  by  the  tortion  of  these  leaves  united  by  their 
margins,  the  valves  become  straightened  and  prolongetl  in 
linear  appendages,  which  are  united  to  form  a  straight,  more 
or  less  elongated  rostrum,  resembling  a  petiole,  free  or 
llexuoua.     This  mukivalved  capsule,  elliptic  or  fusiform,  and 
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Stiehler,  in  18C1,  propoaed  the  name  of  Sporlcderia  for  the 
plants  included  in  Palaoxyris,  Brongniart,'  as  there  was  no 
proof  that  the  fossils  had  any  affinity  with  the  recent  Xyris. 
He  also  regarded  as  distinct  from  his  Sporlcdcria  Ettinga- 
hanseu's  Palavh-omdia,  whicli  has  been  shown  to  be  only  an 
uncompressed  condition  of  Paiaoiyyris. 

Schenk  was  one  of  the  first  to  seriously  question  the 
Monocotyledonous  nature  of  Palwoxi/Tw,  but  he  doe-S  not 
venture  on  any  suggestion  as  to  the  affinities  of  these 
"  mysterious  plants."  * 

In  1870,  Lesquereux  noted  the  discovery  of  three  species 
of  Pal<eoxi/ris  in  the  Carboniferous  rocks  of  the  United 
States.! 

To  Schimper's  remarks  on  PalaaxEyris,  reference  has  already 
been  made.  This  author  proposed  for  these  fossils  the  new 
generic  name  of  Spirawjium.,  as  that  proposed  by  Stielder 
(Sporlcdci-Ui)  had  previously  been  applied  to  a  genus  of 
Mosses.  His  geuus  Spirawjiuw  he  places  among  the  "  Genera 
classis  incertic,"  but  he,  like  most  previous  writers,  regarded 
these  curious  fossils  as  seed-vessels.* 

More  recent  writers,  including  Grand'  Eury,'^  Lesquereux,^ 
and  Renault  and  ZeiUer,'  have  refrained  from  expressing 
any  opinion  as  to  the  affinities  of  these  fossils,  nor,  after  ex- 
amining many  specimens  of  Palaoxi/ria,  can  I  throw  any 
light  on  their  relationships  either  to  recent  or  fossil  plants. 
All  the  specimens  which  have  come  under  my  notice  are 
isolated  individuals,  and  none  has  shown  any  attachment  to 
a  stem  or  branch,  but  twice  I  have  seen  two  individuals  on 
the  same  slab,  so  placed  in  relation  to  each  other,  that  one 
might  suppose  they  diverged  from  a  common  point  of  attach- 

'  Dili  liroDieliaccen  dcr  Vorwelt.  Berithlc  d.  iiatur.  Vereines  dm  Hkkl'h 
/n  lilaukcnburR.     Wornigeroilo,  1801. 

•  Die  Foiisilu  Ktorn  den  Keupera  and  Lias  Fuiiikeiia,  [i.  105.  Wiesbaduii, 
1887. 

'  Beport,  Qeol.  Survey  of  lUiiioia,  vol.  iv.,  [i.  464. 
'  Traite  d.  palcont.  vi'grt.,  vol.  fi.,  p.  Gli.     1S(2. 

'  Flare  cairbonirirtt  du  Diip.  de  la  Iioira  et  dii  centri'  ih-  l:t  Frniii:t',  ]>.  ^07. 
1877,  l'«ris. 

•  Coal  Flora  of  Peiiusj-lvauin,  vol.  ii.,  p.  518.     1880. 

•  Coniptfn  KeudiLS,  2J  Juiit  1881. 
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ment ;  that  they  grew  in  a  verticJIlate  or  umbellate  i 
has  already  been  shown  by  Ettingshausen.' 

It  will  be  aeen  from  what  lias  been  already  stated,  that 
Paltcoxyris  is  generally  believed  to  be  a  seed-vesseL  If, 
then,  these  orgsniams  contained  seeds  or  spores  (and  there 
is  little  reason  to  think  that  they  were  attached  to  its 
external  surface),  unless  they  had  been  extremely  minnte, 
some  indication  of  their  presence  would  surely  have  been  givea 
in  the  compressed  condition,  by  their  imparting  a  granula- 
tion to  the  outer  surface  of  the  fossil,  but  such  an  appearance 
has  not,  as  far  as  1  am  aware,  ever  been  observed. 

I  have  examined  a  few  uncompressed  individuals.  The 
" segments"  in  all  cases  are  concave  externally,  the  sutaree 
being  raised  to  form  a  very  slight  "  coUerette,"  whose  presence 
has  already  been  pointed  out  by  Nathorst  in  other  species,' 

The  chief  characters  of  the  species  of  the  genus  Palaoryris 
are  derived  from  the  width  and  number  of  the  spiral  seg- 
menta,  and  the  angle  at  which  they  cross  the  body  of  the 
fossil 

Palxzoxyris  has  extended  through  a  long  course  of  time, 
few  genera  having  the  same  geological  rauge.  Brongniart 
described  Palccoxyris  reffu/arts  from  the  "Gres  bigarrd" 
(Lower  Trias),  and  Lesquereux,  Palaoxyris  (Spiranffium) 
inlerniediuvi,  from  the  sub -conglomerate  of  I'ittaton  (Lower 
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may  be  well  to  call  attention  to  the  closely-allied  genua 
Fayolia,  described  by  Kenault  and  Zeiller,'  from  the  coal 
measures  of  Commentry.  Thia  genus  is  distinguished  from 
Faio'o^ria  by  the  presence  of  a  very  pronounced,  either 
entire  or  dentate  "coUerette"  on  the  sutures  of  the  segments. 
On  the  spiral  segments  is  also  situated,  towards  their  lower 
margin,  a  row  of  short,  stiff,  spine-like  projections.  Thia 
genus  has  also  been  noted  by  Weiss  as  occuning  at 
Alben.5 

PALiEOXYBis,  Bronguiart,  emend. 

Annalea  des  Sciencea  Naturelles,  !<'  at^r.,  vol.  xt.,  p.  456.     1S28. 

Prodrome,  pji.  137  »iid  190.     1828. 
Carpolitha,  Monia,  Tra.na.  Geo].  Soc.,  Londou,  Sd  ski.,  vol.  v.,  \\.  4S9,  and 

ExpUnttion  to  Bgurcs  12  nnil  12ii,  pi.  xxiriii.     1810. 
Faltaibn/melia,  EttttigsliBusen,  Abhandl.  d.  k.  k.  geol.  ReiclisanBtalt,  1  Band, 

III.  Abth.,  p.  1.     1852. 
^imrltdcria,  Stiehler,  Die   BroiueltBoecn  der  Vorwell.    Beriuhte  d.    Datur. 

Ttreinee  des  Hancea  ed  Blank euliurg.     Vemigerode,  ISSl. 
Spirangium,  Scbimpei',  Traits  d.  ]>alwitit,  v<^i>t.,  vol.  ii,,  p.  GI4.     1872. 

Generic  description. — Fossils  arranged  in  an  umbellate  or 
verticillate  manner  around  a  stem  (?)  or  terminating  a 
common  peduncle  (!).  Each  individual  of  the  whorl  oblong 
or  fusiform,  and  composed  of  spirally  contorted  concave 
segments,  which  at  their  sutures  form  a  slight  collerette. 
The  segments  are  continued  downwards  to  form  a  pedicel, 
and  produced  upwards  into  a  long  beak.  When  the  fossils 
are  compressed,  the  anterior,  crossing  obliquely  the  posterior 
circumvolutions  of  the  spirally  contorted  segments,  imparts 
to  the  surface  of  the  compressed  specimen  the  appearance  as 
of  being  composed  of  a  nmuber  of  rhomboidal  imbricating 
Bcales. 

Remarks. — Notwithstanding  these  fossils  have  been  known 
for  over  fifty  years,  our  knowledge  of  their  true  nature  and 
affinities  still  remains  a  hidden  secret,  Ettingshausen  haa 
figured  a  group  of  seven  individuals  springing  from  a  common 

■  CoDiptes  Kcndus,  2d  June  1S84. 

'  Steiukolilen-CaUiuaTiert,  pt.  ii.,  pp.  152  slid  202  (Abhandl.  7..  geol. 
Speclalkarta  von  Proussen  u.  d,  Thurinciauhcn  SUaleii,  llutid  v.,  Heft  2. 
Barlin,  1SS4. 
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centre,  but  whether  this  common  centre  is  the  node  of  a 
stem  OT  the  termination  of  a  branch,  cannot  be  Ratisfactorily 
determined. 

In  the  descriptions  of  the  following  species,  I  have  used 
the  term  "segment"  to  denote  their  conijtonent  parts,  as  the 
words  "leaves"  or  "carpels"  convey  the  notion  that  the 
fossils  are  seed-vessela,  an  opinion  not  yet  satisfactorily 
established  by  proof. 

SYNOPSIS  OF  BRITISH  SPKCIKS. 

Pal/GOXYBis  iieucteroides,  Morris  sp. 

(PL  I..  Fig.  1.) 

CaijwlilJitt  MideroideM. 

Monix,  Trans.  Geo).  Soc.,  Lonilon,  2J  Kr.,  toI.  v.    Ex]>IiDatiou  to  figa. 

12  and  liii,  |)l.  xxxvui.     ISIO. 
Rronn,  Iiitlex  i>aliuoiit,  p.  230.     IS4S. 
(ioppert  and  Bcrger,  De  fnict.  ct  «vniin.,  jl  16.     ISiS. 
Xpirangium  PrciuteUL 

LenqQcreiix  (in  part).  Coal  Flora  of  Puiinsyl.,  vol.  ii.,  {>.  r>10,  i>l.  Iiit., 

%  15.     IflSO. 
Suhiiiiper,  Traitvd.  iitl«>nt  vi'^-t.,  vol.  iii.,  p.  58S. 
Paltmxgrii  I'reiuitlii. 

L»qti«reux  [iu  part).  Be|iort,  fieoL  Survey  of  lllinoi«.  vol.  iv.,  |>.  488, 
pL  iiTiL,  fig.  10.     1870. 
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Horizon. — Coal  measures. 

Localities. — Coalbrook  Dale  and   Madeley  Court,  Shrop- 
shire; Woodhill  Quarry,  Kilmaujs,  Ayrshire. 
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1*AL.E0XYRIS  CAKBONARU,  Schimper. 

(PI.  I.,  Figs.  2,  3.) 

/^iJiEoicyria  earbcnaria. 

Stitthlcr,  Zsitacli.  d.  dent  geol.  Geiell.,  vol.  ii.,  p.  132,  pi.  rii.    1S50. 

,,      Bull.  deUSw.  0^1.  da  France,  2»w:t.,vo1.  vii.,  p.  OEO.    18S0. 
Germar,  Vers.  d.  St«iiikoh!eiigeljirgos  v.  WetUn  w.  I>)b^uu,  Heft  riL, 

p.  95,  pi.  xsniii.,  fig.  3.     1B51. 
Andne,  JaLrb.  d.  Natarw.  Vereiues.     Halle,  1800,  p.  130. 
Sporla/eria  carhonaria. 

Stiebler,  Die  Bronicliaceen  der  VonvelL  Bericbte  A.  natnr.  VereiDes  Aaa 
Haizes  tn  BlankeoburK,  pi.  i.,  ISSI. 
Spirangium  earbimaritiin. 

Scliimper,  TraW  d,  palAmt,  vfiget.,  vol.  il.,  p.  B16.     1870-72. 
Grajid'Enry,  Flore  carbon,  du  Dip,  do  la  Loire,  p.  307.    1877, 
Falaoxgria  appendieuliUa. 

LesquerBiix,  Report,  Oca].  Surrey  of  HlinoU,  vol.  iv.,  p.  165,  pi.  xxvIL, 

fig.  11.    1870. 
Lewiuereui:,  Coal  Flora  of  Pennsjl.,  vol,  li.,  p.  520,  pL  liiv.,  fig.  12. 
1880. 
Spiraiiginm  a/^ndictilulum. 

Suhiiupnr,  Truiti^  d.  patent,  vegft.,  vol.  iiL,  p.  S85,     1374. 

Description. — Body  fusiform,  composed  of  G-8  equal  seg- 
ments. The  body  part  of  the  specimen  usually  measures 
about  3  cm.  long  and  12  mm.  wide.  The  segments  are 
about  2  mm.  broad.  The  fossil  ia  gradually  narrowed  into 
a  Btalk-like  extension  at  each  end. 

Remarks. — Tlie  segments  cross  the  body  more  obliquely 
than  in  any  other  British  species,  and  when  the  fossil  is 
compressed,  form  rhomboidal  meshes  on  its  surface,  which  are 
as  long  as  broad.  The  specimen,  which  is  drawn  on  PI.  I., 
Fig.  2,  shows  towards  the  extremity  marked  a  a  considerable 
prolougation  of  the  spirally  twisted  segments,  which,  when 
compressed,  owing  to  the  angle  at  which  their  circumvolu- 
tions cross  each  other,  form  much  more  elongated  rliomhs 
than  those  occurring  on  the  body.  The  prolongation  at  the 
other  end  of  the  fossil  does  not  exhibit  so  great  a  twisting  of 
the  segments.      I  am  unable  to  say  which  extremity  repre- 
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Bents  the  base  and  which  the  apex  of  the  fossil,  bnt  probably 
that  marked  a  represents  the  basal  extremity. 

Fig.  3  shows  a  small  portion  of  an  uncompressed  example. 
The  segments  are  concave  exteninlly,  ami  tlic  sutures  slightly 
winged.  At  the  part  marked  n  (Fig.  3)  the  impression  of  the 
segments  of  the  opposite  side  is  seen.  This  example  shows 
clearly  that  when  such  fossils  become  compressed  the  spiral 
segments  of  one  side  crossing  obliquely  those  of  tlie  other 
side  must,  when  flattened,  produce  on  the  surface  of  the  fossil 
a  series  of  rhomboidal  markings. 
■  Paln-oxyris  apptndieulaia  (Lesquereux)  appears  to  be  only 
a  somewhat  distorted  example  of  Pnliroj-i/ria  mrbonaria. 

Hvraon. — Coal  measures. 

Lotalities. — Clays  Croft  Openwork,  Coseley,  near  Dudley, 
StaObrdshire ;  Woodhill  Quarry,  Kilmaurs,  Ayrshire. 

Pal-EOXYRIS  Pkeskelii,  Lesquereux. 
a'l.  I..  Figs.  4,  5.) 

PalitDCcifrU  PnndiUi. 

Losqneroux{iHfinr/),  Report,  Gcol.  Sunpy  of  lUinoi-i,  vol.  iv.,  p.  484, 
1.1.  xivii.,  fig.  12.     1870.     (Extl.  fig.  10.) 
Spirangima  Prcndtlii. 

Lenquerenx  <iH  pnif ),  Coal  Flora  of  l'tnn"yl.,  vol.  ii.,  p.  51B,  pi.  liiv., 
fig.  13.     1880.     (Eicl.  fij,-*.  H  1111.1  15.) 


segments  ia  laarked  with  very  fine  oblique  lines,  of 
which  Fig.  5a  gives  an  enlarged  drawing.  These  lines, 
however,  may  be  due  to  minemlisation.  Lesquereux 
unites  with  Palaoxyris  Prenddii  his  Pakeoivyris  corrugata} 
but  the  specimen  on  which  this  latter  species  is  founded 
is  badly  preserved,  and  though  it  probably  belongs  to 
Palceoxyris  Prendelii,  its  state  of  preservation  is  so  imper- 
fect that  the  real  characters  for  specific  distinction  are 
entirely  obliterated,  and  nothing  further  can  be  said  than 
that  the  fossil  belongs  to  the  genus  Paltcoxt/ris. 

Horizon. — Coal  measures. 

Locality. — Clays  Croft  Openwork,  Coseley,  near  Dudley, 
StaSbrdshire. 


Paljeoxyris  Johhsoni,  n.s. 
(PL  I.,  Fig.  6.) 

Deseription. — Body  broadly  fusiform,  about  5  cm.  long  and 
1'5  cm.  broad ;  segments  about  60  in  number,  and  very 
narrow,  on  the  centre  of  the  body  five  segments  occupy 
3  mm.,  but  at  the  extremities  about  ten  occupy  the  same 
space.     The  segments  are  very  steep. 

Ecmarks. — This  species  is  easily  distinguished  from  all  the 
others  by  its  numerous  very  narrow  concave  segments;  the 
segments  decrease  in  width  from  the  centre  of  the  body 
towards  each  end.  On  the  exposed  surface  marlted  (a) 
thirty  segments  can  be  counted ;  they  here  lie  almost  parallel, 
and  scarcely  show  any  spiral  twisting.  Tlie  specimen  is  only 
partially  compressed,  but  on  those  parts  where  it  has  suffered 
from  pressure  the  rliomboidal  markings  are  about  1  mm.  long 
and  slightly  less  in  width ;  but  their  size,  liio  that  of  the 
segments,  decreases  from  the  centre  towards  the  ends. 

I  have  only  seen  one  example  of  this  species,  which  is  in 
the  collection  of  Mr  Henry  Johnson,  F.G.S.,  Dudley,  after 
whom  I  have  pleasure  in  naming  it. 

Horizon. — Coal  measures. 

Locality. — Coseley,  near  Dudley,  Staflbrdshire. 


'  Report,  Oeol.  Surrey  o\  lUiuoia,  vol.  iv,,  [>.  466,  pi.  i 


ii„  fig.  13. 
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I*AL.KIxyKIS  TRISPIltALIS.  n.S. 

(PI.  I.,  Fig.  7.) 

Description, — Body  fusiform ;  large ;  about  12  cm.  long  and 
3  cm.  broad.  Segments,  three ;  coDcnvc,  about  9  mm.  wide. 
Sutures  slightly  raised,  but  scarcely  produced  sufficiently  to 
form  a  distinct  "  coUerette." 

Remarks. — This  species  has  a  slight  resemblance  to  FtUa:- 
oxyris  (Sjnrangium)  viultiplifatHm ,  Leafjx.,'  from  tho  coal 
measures  of  Mazoa  Creek;  but  tlie  apccitnen  from  which 
Lesquereux's  figure  has  been  taken  is  so  badly  preservedthat 
It  scarcely  affords  suflicient  data  for  a  comparison,  nor  does 
his  description  of  Pal(voxt/ns  multijilicfilutn,  agree  with  the 
present  species.  From  tlie  otlier  iiieiubers  of  the  genus  it  is 
easily  distinguished  by  the  width  of  its  segments  and  their 
small  number. 

This  specimen  is  also  in  the  collection  of  Mr  II.  Johnson, 
F.G.S.,  Dudley. 

Horizon. — Coal  measures. 

Locality. — Coseley,  near  Dudley,  Staffordshire. 

In  conclusion  I  have  only  to  express  my  (hanks  to  the 
Rev.  D.  Landsborough,  Kilmarnock,  who  kindly  nflbi-ded  me 
the  opportunity  of  examining  and  describing  the  Ayrshire 
specimnns,  which  arc  in  the  cosaessiijii  of  tlic-ir  resiiectivc 
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Fig.  6.  FalaoxyrU  Fniultlii.  Uiitumproascd  oxsrriplo  from  Coaeley,  near 
Diiilley,  in  the  collectioD  of  Mr  H.  Johnson,  Duillo)'. 

Fig.  So,  Segment  of  spiiicimea,  Fig.  5,  enlRrged  to  show  the  fine  oblique 

Fig.  e.  Palaoxyris  Johnami,  Kidiiton,  n.a.  From  Copley,  aval  Dudley. 
Sjieciineii  in  the  collection  of  Mr  H.  Jobimon,  Ouilby. 

Fig.  7.  Falao!Cl/ri»  tritpiralia,  Kidston,  n.s.  From  Coselcy,  near  Dudley. 
Si'ecimeD  in  the  collection  of  Mr  H.  Johnaon,  Duilley. 

SoU. — Except  Fig.  oa,  all  tlie  figurcH  ore  drairu  natural  size. 


IV.  A  Synopsis  of  the  British  Paguridce.  By  J.  E.  Henderson, 
Esq.,  il.B.,  F.L.S.,  Professor  of  Biology,  Christiau  College, 
Madras. 

(Read  21it  April  18SS.) 

There  is  perhaps  no  group  of  higher  Crustacea  which  Laa 
been  less  studiod  ov  more  imperfectly  characterised  in  Britaiu 
than  the  Paguridiu  or  hermit  crabs.  In  support  of  this  state- 
ment we  need  only  allude  to  the  fact  that  most  writei's  of 
local  marine  faunas,  even  up  to  the  present  day,  are  either 
profoundly  ignorant  of,  or  else  ignore,  the  fact  that  the  genua 
Faifurus  of  older  writers  was  split  up  more  than  thirty  years 
ago  into  a  number  of  separate  and  distinct  genera.  Indeed 
at  present  only  one  British  species  is  referable  to  the  re- 
stricted genus  Payurus,  and  ttiis,  as  it  so  happens,  is  perhaps 
the  least  known  member  of  the  group.  The  examination  of 
dried  specimens,  a  practice  more  prevalent  in  former  years, 
has  probably  proved  a  frequent  source  of  error. 

The  modem  tendency  to  multiply  genera  is  well  shown  in 
the  Paguridoe,  and  the  subdivision  of  this  group  has  perhaps 
been  carried  to  an  unnecessary  degree.  It  was  therefore  not 
without  some  hesitation  that  I  lately  ventured  to  add  a  new 
subgenus  to  the  list 

The  present  paper,  as  its  title  indicates,  can  only  be  re- 
garded as  a  mere  synopsis  of  the  British  species  with  some 
of  their  chief  character,  synonyms,  and  localities.  It  was 
previously  my  intention  to  have  attempted  a  complete  re- 
vision of  these,  and  I  had  for  some  time  been  collecting 
materials  for  the  purpose,  but  circumstances  have  since  pre- 
vented my  carrying  out  tliis  project 
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Family,  I'AGUKID.E. 

Genua,  I)iogk><'ES,  I>iiua. 

DiDi,  U.S.  Explor.  EiihhI.  Crunt.,  i<l.  i.,  i>.  438  (lSS2)i  StiiupwD,  Proe. 

AcaiL  Nat.  Sc.  rUil..  i<.  70  (ISSS}. 

Oplithalniic  scgtnent  funiishetl  with  a  movable  rostri£9nn 
tooth  distinct  from  the  front  Antmiiial  ncielu  broad  at  the 
base,  occasionally  bitid;  the  lla^ulluin  ciliatud.  Chelipedes 
unef^ual  (tim  left  larger),  tlie  finj.'urs  acuminate.  Second  and 
third  pair  of  fuet  with  long  dactyli,  the  fourth  pair  aubcbeli- 
forui.     Abdomen  of  male  without  gciiitnl  appendages. 

DiOGENEH   VARIAN8. 
Payurut  variant,  CmU,  Fauna  del  Regno  di  Nap.  Cniit.,  f.  9,  pi.  Ii.,Gg.  2 

(1838). 
Fagariu arenaritu,  Lncaa,  AdJui,  artic.  dd'Alg,  Cnut,  p.  33,  pi.  iii.,  fig.  J 

(1S4B). 
Diogenes  arenariut,  Stimpwn,  Pnic.  Aciui.  Nnt.  Se.  Phil.,  p.  71  {18S8). 
DUigeitei  variant,  CzcruiaTskf,  Malvriuliiiail  Ziiu)^[ili.  ]K>iitii'ani  ('onii>antaiii, 

p.  127  (1888);  H«Ilcr,  CruHt.  KiiUl.  Kunipa,  |h  170,  tuf.  v.,  Hgi.   13, 

11  (1803);  Mien,  Ann.  Maf;.  Nat.  Ilidt.,  wr.  :>,  vul.  viii.,  ji.  27211881). 
t  ragunu pugilatvr,  Ruui,  Crusl.  it-  la  Mi'.l.,  pi.  liv.,  fig.  3  tl830) ;  WLito. 

Lint  Crust.  Brit  Uiu.,  p.  &9  (lHt7}. 
PaguTUM poHticut,  Kouler,  Bcriubt  ulxr  suiiic  Utisu  an  ilai  Suliwana  Mcar 

(1859). 
faipiruM  Dilvnpui,  Snence  Bate.  Aim.  Ma^.  Nat.  Ili»t.,  )).  320,  pi.   i.,   litt- 
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Hah. — Several  localities  on  the  south  coast,  first  found  iu 
Britain  by  Spence  Bate  at  Swansea,  It  is  a  common  Medi- 
terranean species,  occurring  also  in  the  Black  Sea  and 
Adriatic,  and  extends  from  the  English  Channel  to  the 
African  coast  as  far  at  least  as  Senegambia.  If  D.  hrevirostris, 
Stm.,  should  prove  to  be  merely  a  synonym  of  this  species, 
its  foreign  range  extends  to  the  Cope  of  Good  Hope, 

Genus,  Pagcrus  (Fabr.),  Dana. 
DanD,  I.e.,  p.  449  (1352) ;  StiiDpsoa,  I.e.,  p.  71  (1S6S). 
Front  straight  towards  the  middle,  ophthalmic  segment 
exposed.  Eye-peduncles  stout,  the  basal  scales  short; 
anteunol  acicle  shoit  and  robust,  the  flagellura  long  and 
naked.  Ghelipedes  rarely  subequal,  the  left  usually  larger, 
fingers  moving  in  a  vertical  plane,  slightly  excavated  iufe- 
riorly,  and  corneous  at  the  tips.  Feet  of  the  fourth  pair 
usually  chelate.     Abdomen  of  male  without  geuital  appen- 

PaGDRUS  FASCIATD3. 
Pajuna/a»cialui,  Bell,  Brft.  Crust.,  p.  375  (1353) ;  Wbita,  Pop.  Hiat.  Brit. 
Cnut.p.  70(1897). 

Carapace  smooth  and  even,  rounded  anteriorly,  slightly 
emarginate  posteriorly.  Internal  antennie  not  twice  the 
length  of  the  peduncle  of  the  external;  the  eye-stalks  slightly 
curved  outwards,  and  as  long  as  the  penultimate  joint  of  the 
external  antennie.  Left  chelipede  large,  the  hand  broadly 
ovate  and  smooth,  the  arm  and  wrist  very  short.  Kight 
chelipede  smaller,  but  similar  to  the  left.  Propodi  of  the 
ambulatory  limbs  ciliated  on  their  lower  borders,  the  fourth 
pair  of  legs  chelate  at  their  extremities.  Body  and  limbs 
distinctly  marked  with  alternate  bands  of  red  and  blue. 

This  obscui'e  species  was  described  by  Professor  Bell  from 
a  coloured  drawing  executed  by  Mr  Cocks  of  Falmoutli,  and 
he  states  that  the  accuracy  of  delineation  of  the  latter  may 
he  implicitly  relied  oo.  If  the  figure  in  "  British  Crustacea  " 
is  a  correct  reproduction,  this  statement  requires  modifica- 
tion, as  it  is  there  represented  with  no  cervical  groove  on  the 
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carapace,  the  antGnnal  peduncles  have  only  two  aegmenti 
and  DO  aoiclfl,  and  the  jointii^  uf  the  ambulatory  limbs  ii 
also  peculiar.  The  above  characters,  taken  from  the  originaJ 
description,  show  that  the  species  may  be  referred  to  thf 
restricted  genus  Paijurua. 
7/a6.— Falmouth  (Cocka). 

Genus,  EUPAGUBUS,  Brandt  [rcstrictum). 
Brandt,  Kiddeudorff'*  Sibirucho  Biiao,  ZuoL  Tlil.  i.,  p.  lOS  (1S51)  ;  Stamp 

■on,  1.C,  p.  74  (ISSS). 
liemlutrdiu,  Duia,  Lc,  p.  440(1SS2). 

Front  acute  towards  the  middle,  opbtlialmic  segmentexposed 
External  autennx  with  a  long  llagulliiin,  the  acicle  slender 
external  maxillipcdcs  mther  lar^  Chelipedes  rarely  aiib 
equal,  the  right  usually  larger ;  the  lingers  acuminate  ani 
with  calcareous  tips.  Fourth  pair  of  legs  scarcely  subchelatc 
Abdomen  of  male  without  genital  appeudagus. 

EUPAGURUa  BEKSltAlIIil'S. 

Cajutr  BernhaTdv,  Linnt,  Syst.   K»t.   lOlU  (17351;  Id.,  Miu.  Lnd.  Ulr, 

p.  4S4  (1764))  Herbst,  KiubWii  miJ  KreU-,  t.  ii.,  p.  14,  Ub.  uU 

fig.  S(179(i). 
A^miu  Btnihardws,  Pennant,  Brit,  Zool.,  vol.  iv„  p.  80,  tab.  iTiiL  (1777] 

Do  GetT,  Mini,  iwur  wrvir  a  I'liirt.  Ui'm  ln.ioi.'te«,  t.  vii.,  p.  Ml 

pi.  ixiiL,  n^  3-12(1778). 
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The  rostral  projection  well  marked.  Chelipedes  tuber- 
culate,  with  a  tendency  to  become  spinose,  especially  on  the 
inner  border  of  the  carpal  joints.  Ambulatory  limljs  spiny 
on  the  upper  boi-ders,  the  dactyli  long  and  slightly  contorted. 
Length,  4J  inches. 

Hah. — British  seas  everywhere,  from  between  tide-marks 
down  to  the  greatest  depths  obtainable ;  throughout  the 
North  Sea,  as  far  north  as  Finmark  (Sara) ;  and  the  Arctic 
seas.  It  is  apparently  absent  from  the  Mediterranean,  but 
occiirs  in  the  Baltic  (Mobius).  It  ranges  along  the  Atlantic 
shores  of  North  America  as  far  south  as  Long  Island  (Stimp- 
son),  and  occurs  also  on  the  Pacific  side  in  Unalaschlta  and 
Karatschatka. 


E^PAGimUS   PRIDEAUXIL 

Pa^tru*  Pridtattxii,  Loach,  HhIbc.  Brit.,  tab.  xivi.,  figs.  G,  0  (1315)  i 
Desmarest,  Consid.  sat  lea  CruaL,  p.  178  (182G);  Latrcille,  Sue;. 
M^h.,  pi.  cmii.,  fig.  1  (182G};  Milae-Ednarda,  Ann.  des  Sc.  NsL, 
2"  s£r.,  t.  Ti.,  p.  268  [1836} ;  Id.,  Hist.  Nat.  dsa  Cruit..  t.  ii.,  p.  218 
{1837);  Lncag,  Anim.  art.  in  I'AIk.  Crust.,  p.  28  (19*8);  Boll,  Brit 
Crust.,  p.  176  (18B3) ;  White,  Pop.  Hiat.  Brit.  Crust.,  p.  75  (1867). 

Fagurtia  Benhardia,  Riaao,  Crust  de  Nice,  p.  63  (1816) ;  Coata,  Fauna  del 
Kcgoo  di  Napoli,  p.  S  (1816). 

J'oQunu  soliUirifu,  EUbo,  Hist  Nut.  dc  TEur,  Mdrid.,  t.  v.,  p.  40  (1826) ; 
RoQi,  CniBt,  do  la  Mid.,  pi.  iixvi.  (1S28}. 

Eupaffurua  PriiUauxii,  Stimpaon,  Proc.  Aesd.  Nat,  Sc.  Phil.,  p.  76  (18C8)  j 
Heller,  Crust.  Sfldl,  Eiir.,  p.  Ifll,  taf,  v.,  figs.  1-8  (1883). 

The  rostral  projection  not  prominent.  Chelipedes  granu- 
lated, the  carpal  joints  tuberculate  on  their  inner  margins. 
Ambulatory  limbs  almost  smooth,  the  dactyli  grooved  longi- 
tudinally on  each  side  and  not  contorted.  Internal  antennie 
half  as  long  again  as  the  ocular  peduncles.  The  sqname  of 
the  external  antennas  more  slender  and  less  curved  than  in 
£.  Bcmhardus.     Length,  4  inches. 

Hah. — Throughout  the  British  seas  in  many  localities,  aa 
far  north  as  the  Shetland  Islands.  It  occurs  in  the  Moray 
Firth  (Gordon  and  Edward),  but  is  apparently  absent  from 
the  remainder  of  the  east  coast  of  Britain.  A  shallow-water 
species,  and  invariably  associated  with  the  anemone  Adam&ia 
■palliata  (Bohadsch). 
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Al)mncl  it  ranrrcs  fmm  tlic  shnroa  of  Xorwsj  (San  wxi. 
others)  to  the  Capo  Vcnic  Islands  (Studer).  It  is  ft  ootnmon 
Mediterranean  species,  and  extends  also  into  the  Adriatic  Sea. 


KiTAGrRra  excavati's. 

CanecT  trmvUut,  lltrtwl,  Krmlibcn  und  KreW,  t.  it,  p>  31,  taK  zzUi.,  Bg.  8 
(1796). 

rU'juria  awjHhitHt,  ItiMn,  Criul.  <lv  Xi.r.  p.  !>*,  pi.  I.,  fif;.  8  (1818) ;  Id., 
llUt.  KaI  Eur.  M«ri.I.,  t.  t.,  p.  39  (ISSfl);  Dtinnartrt,  Couid.  Mir 
1m  Cnut.,  p.  ITS  (18-i£] ;  R.mi,  Cni«t.  t\f  1>  MiU,  pi.  xXl.  (16S0); 
Milnc-KdirnnU,  Ann.  Av*  S>'.  N>t.,  2"  >iw,  L  ri..  p.  26B  (ISH) ;  Id., 
Hint  yat.  lU*  Cnixl.,  t.  ii,  )•.  217  U'-->7) ;  l'<wl.i,  Fann*  del  Bagao 
di  Nfip.  Cnint.,  p.  r  (1S3S);  LiK-a*.  Crnst.  in  Auiin.  artic.  d«  I'Alg., 
p.  23  ilflie] :  EliOler,  Cnut.  An  Sil>II.  Kiir»|ii,  p.  IM  (1883). 

/■nfmrru  crcimfiu,  Whili-,  T.Ut  Cnisl.  lint.  Mm.,  [■.  S9  (I**?). 

/^Kjnffunu  iii<{rt(^<>M,  Stiin|>san,  Troi-.  Ai-ail.  Nut.  So.  I'liil.,  |i.  79  (ISSS). 

/•(lyurtw  (ri«nwi(w,  yoniiar.,  Ilrit.  As^---.  Ui']'..  f.  2154  rUs-IS). 

jEHjngpuruji  Irknriiialtu','  <J.  O,  Itarn,  Xurski-  NorilLam-Exjieil.  Cnuit.,  p.  II, 
pi.  I.,  fijp.  8-10  {1MS5). 

Kiipagnriu  rrmnUiu,  Uii-nt,  Ann.  Ma^.  N'nt.  IIM.,  wr.  5,  rot.  riii.,  p. 
280  (I8.S1). 

Piigwnu  mctirulvtia,'  Itonx,  Crnst.  ilv  U  Mvtl.,  i>1.  xlii.  ilSSO);  Uilno- 
Edwanli,  Ann.  (leu  Sa.  Nat.,  If  Hvriv,  I.  vi.,  \<.  2'>S  (l>:ttil  ;  Id.,  Hiat. 
Nut.  ai.'i>Cnut.,t  ii.,  p.  217  (1^37);  Ilcll.r,  CnuL  Jiii  SOdl.  Eunipa, 
p.  187  (1883). 

Chelipedes  sliylitly  pul^escent.     I!ij;lit  wri.'st  broad  and 
armed  with  spiny  tubtrcles,  the  Imiid  braidly  ovate,  with 
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Mediterranean  (Itoux  and  others),  off  the  Portuguese  coast 
("  Porcupine  "),  Bay  of  Biscay  in  deep  water  ("  Challenger  " 
and  "  Travailleur "),  St  Vincent  Harbour,  Cape  Verdea 
("Challenger"),  Goree  Island,  Senegambia  (Miers),  Kor- 
wegian  coast  (G.  0.  Sara). 


EuPAGURUa  PUBE3CEN3. 

P\tijuna  pvtiescm*,  Kiiiyar,  Cimapcct.  Cruat.  Groanl.,  Nntarb,  TiilssVr.  ii, 

p.  S51  (1338) ;  Id.,  in  Giimurd,  Vojagos  ea  Soaailiuaric,  pL  ii.,  fig.  1 

(]84[t). 
Pagurua  Thompami,  Boll,  Brit,  CroNt.,  p.  872  {1853);  White,  Poii.  Hist. 

Brit.  Crust.,  p.  78  (1857). 
Ei^aguruf  puiiaania,  StimpBOn,  Proe.  Acad.  Nat.  So.  Phil.,  p.  76  [1858). 
Eupaguriu  Eroyeri,'  Stimpson,  Proo.  Acaci.  Nut.  Se.  Phil.  p.  76  (1858); 

Id.,  Ann.  Lj-c.  Nat.  Hiat.,  vol.  viL,  p.  89  (1869). 

Eyestalka  reaching  the  middle  of  the  last  joint  of  tlie 
antennular  and  antennal  pednnclea  respectively.  Chelipedea 
pubescent,  armed  with  tubercles  which  tend  to  become  spiny. 
Eight  chehpede  with  the  wrist  equal  in  length  to  the  hand, 
and  furnished  with  spines  ou  its  inner  border.  Left  cheli-' 
pede  with  a  central  carina  extending  along  the  upper  surface 
of  the  hand.  Ambulatory  limbs  pubescent  and  spiny. 
Length,  2  inches. 

ffab. — Belfast  Bay  (Hyndman);  Shetland,  common 
(Norman) ;  from  Northumberland  and  Durham  to  the 
western  limit  of  the  Dogger  Bank  (Norman) ;  Firth  of  Torth 
(Henderson);  Firth  of  Clyde,  common  (Henderson  and 
others).  It  ia  probably  common  at  many  points  round  the 
Scotch  coast. 

This  species  ranges  from  tho  British  seas  to  Greenland 
and  Spitzhergen,  and  is  apparently  common  at  considerable 
depths  in  the  Norwegian  fiords  (Sars  and  others).  It  occurs 
also  along  the  Atlantic  coast  of  North  America,  and  has 
been  taken  in  abundance  down  to  depths  of  500  fathoms  by 

'  I  follow  the  R«v.  Dr  Norman  ntid  others  in  rcganling  this  a  Toriety  at 
E.  pubetemu,  though  Prof.  S.  I.  Smith  coniiidera  it  a  good  epecica.  It  only 
differs  from  E,  pubaceiui  in  tho  abaonco  of  h«irs  from  the  I'helipedes  and  list's, 
BQit  in  posaessing  a  sharper  carina  on  the  left  hnnd.  The  two  occur  togethpr 
in  many  Briliah  localitiOB,  but  the  orir.  Sroycri  npiieara  to  be  more  prevalent 
in  deep  nntur, 
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the  U.S.  Fish  CommissioE  and  Coast  Survey  vesBels.  Speci- 
mens from  deep  water  are  usually  overgrown  by  a  species  of 

£pizoa?Uhu3. 

EnPAGCRUB  CCANENSia 

A^TunH  cuanca^U.  W.  Thompwn,  Brit.  Amoo.  Rep.,  p.  287  (1813);  BeU, 
Brit.  Crurt.,  p.  !7fl  (1863);  White,  Pop.  HUt.  Brit  CnuL.  p.  70 
(1857). 

Eupoffunu  cuoTiennt,  Stimpson,  Proc.  AcaJ.  Nst,  Sc  PhiL,  p.  7G  (I8S8). 

Eyestalks  long  and  alender,  slightly  exceeding  the  antenna] 

peduncles,  and  reaching  almost  to  the  end  of  the  autennular 
peduncles.  Chelipedea  densely  pubescent,  armed  with  spini- 
form  tubercles,  which  are  moat  prominent  on  the  carpal 
joints ;  the  wrist  shorter  than  the  hand.  Ambulatory  limbs 
pubescent.     Length,  2  inches. 

-Portaferry  and  Bangor  Bay  (Thompson) ;  Belfast 
Bay  (Drummond) ;  lale  of  Man  (Eyton) ;  Moray  Firth 
(Gordon  and  Edward) ;  Weymouth  (Norman) ;  Shetland, 
rare  (Norman) ;  Firth  of  Clyde  (Norman  and  others) ;  St 
Andrew.')  (M'Intosh) ;  Firth  of  Forth  (F.  M.  Balfour).  It  is 
probably  not  uncommon  in  suitable  localities  throughout  the 
British  seas. 

Abroad  this  species  occurs  on  the  Norwegian  and  Swedish 
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with  two  irregular  depressions.  ■  Ambulatory  limbs  sligbtly 
spiny  on  the  anterior  liorders ;  the  digits  pubescent,  unci 
furnished  with  delicate  spines. 

ifai.— Falmouth  (Cocks) ;  Firth  of  Forth '  (Howden) ;  off 
the  south  coast  of  Devon  and  Cornwall,  55  fathoms  (Bate 
and  Kowe). 

A  Mediterranean  species  extending  into  the  Adriatic 

Genus,  SplBOPAGUROa,  Stirapsou. 
Slimpaon,  Proc  Aosd.  Nat,  Sc.  Phil.,  p.  74  (185S|. 

Subgenus,  AnapaguROS,  Henderson. 

Hen<1at80ii,  Clyde  Decapods,  Proc.  Glaagow  Nat  Hi»t.  8oc.  (1885-8fl). 

Carapace  depressed  in  front ;  the  transverse  suture  very 
deep.  Ocular  peduncles  short  and  stout;  the  comeiE  dilated. 
Chelipedea  unequal ;  the  right  larger.  External  antenna) 
with  long  and  slender  flagella,  which  are  usually  ciliated; 
the  acicle  slender.  Ambulatory  limbs  long  and  slender. 
Males  furnislied  with  a  short  curved  genital  appendage 
attached  to  the  coxa  of  the  fifth  left  leg.  Females  with  three 
modified  abdominal  limbs  on  the  left  side,  to  which  the  ova 
are  attached ;  these  are  also  present,  though  rudimentary,  in 
the  males. 

Anapa^urus  differs  from  Spiropagurua  in  the  form  of  the 
male  sexual  appendage  (which  is  coiled  spirally  in  the  latter), 
and  in  the  unequal  chelipedes.  In  Spiropagurua,  also,  the 
ambulatory  limbs— especially  their  mei-al  joints — are  more 
robust,  and  the  dactyli  are  proportionately  longer,  and  ciliated. 
The  external  maxilUpedes  are  also  much  shorter  in  Atui- 
pagUTUs.  In  the  allied  Catapagurus,  A.  Milne- Ed  wards, 
( =  Hemipagunis,  S.  I.  Smith),  the  male  appendage  is 
attached  to  the  coxa  of  the  fifth  right  leg.^ 

'  TbiB  locality  ii,  to  say  the  least,  snspicious.  Perhaps  Eupni/,  jmbisomt 
var.  KrostH,  which  u  oot  nncomniou  in  the  Firth  or  Forth,  has  b«uti  mis- 
taken  for  the  present  B[>ecieg. 

*Tlie  "Challenger"  CoUoction  of  pBRUtidK  eootaius  now  speciee  ot  Jnn- 
pagunu  from  the  Canarie^  Cape  Verda  Islands,  Cape  of  Good  Hope,  and 
Port  JaakBon. 
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Anapagurus  HYKI>MAN>'1. 

ragtiTwi  Ihr*itmanAi,  \V.  Tliom|W(iii,  Ilrit.  Aumc.  Tli-p.,  ji.  !II7(1S43);  lid], 
Brit  Crust.,  p.  ISS  (ISuli) ;  White,  r<>|>.  Iliat  Ilrit  Cnut,  p.  78 
(1857). 

Eupngunu  Ifyndmnnnl,  Stim|>sfin,  I'roi-.  Arn.l.  X:il.  Sc.  I'liil.,  p.  74  (1S5S). 

Amtpagarm    Hyndmatai,    Hcnilvraon,    I'roc.    (iUigow    Kit    Iliit.    Soe. 

(isssse). 

Kyeatalkfl  short  and  thick,  not  rcachiiij;  to  tlic  ends  of  the 
antennal  peduncles.  Intevniil  niituiiiiii'  S-4  (iinoi  the  length 
of  the  cycstalks.  Chelipcdes  niiimtely  fjramilatetl ;  the  right 
hand  broadly  ovate,  and  finely  serrated  on  the  outer  border ; 
the  wrist  spiny  on  the  inner  bonier,  niiil  the  movable  ftiiger 
witli  a  few  small  aenntions  on  its  outer  mar^ii.  The  ambu- 
latory limbs  Blender  and  slighty  pnbescent.     l.en}:;th,  1  inch. 

Hah. — Not  uncommon  in  many  ISritish  localities.  Porta- 
ferry  (Thompson);  Belfast  Bay  (Druininond);  Firth  of  Forth, 
common  (Howden  and  others) ;  Shetland,  Weymouth,  Fal- 
mouth, and  Firth  of  Clyde  (Nonnau). 


AnAPAGURUS  LiEVia. 

»  lariM,  W.  Tbompiion,  nrit  Amoe.  Ri:p.,  p.  2f>7{Ig13) ;  Rrl),  Brit. 

Cnist,  p.  181  (1863) ;  White,  I'op.  llUt  Ilrit  Cnwt,  y.  77  (1867). 
.,  8t!mp8oii.  I'rpc.  Acmi.  K»t.  Sc  Phil  ,  p.  74  (1^55), 
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19  common,   and   the   specimens   unusually   fine,  we   have 
dredged  it  at  a  depth  of  105  fathoms. 

Abroad  it  has  been  taken  in  the  following  localities  :— 
Christiansund ;  Mebotten,  50-60  fathoms  (Sars);  Mediter- 
ranean, in  deep  water  ("  Travailleur  "). 


ANAPAGOHUS   FERB0GINE08.' 
ragiiruf /erruginnis,  Nonnan,  Anu.  Msg.  Nat.  Hiat.,  eer.  3,  vol.  riii.,  p. 

273  ;  pi.  xiii.,  figa.  1-3  (1861). 
Anapagiirus/errai/iiKVM,  Henderson,  Proc  Glasgow  Vai.  Hist  Soc.  (1885-86), 

Eyestalks  slender,  reaching  the  middle  of  the  last  joint  of 
the  antennal  peduncles;  the  internal  antennje  about  three 
times  the  length  of  the  ocular  peduncles.  Chelipedes  clothed 
with  silky  hairs ;  the  right  wrist  moderately  spiny  on  the 
inner  margin ;  the  right  hand  elongato-ovate  and  smooth,  in 
length  equalling  the  wrist.  Left  chelipede  slender,  with  the 
aides  nearly  parallel.  Ambulatory  limbs  smooth,  slightly 
pubescent.     Length,  about  1  inch. 

Sab. — Sparingly  in  the  following  localities ; — Moulin  Huet 
Bay,  Guernsey ;  Lamlaah  Bay,  and  Shetland  (Norman) ; 
Moray  Firth  (Edward) ;  Northumberland  Coast  (Brady). 
We  have  taken  it  in  several  localities  in  the  Firth  of  Clyde. 


V,  On  Ahnormal  Limbs  nf  Crustacea.     By  Professor  Duns, 
DJ).,  F.RS.E.,  Viee-Frcsident.     [Plate  11.] 

(Read  17th  Much  1886.) 

In  a  short  paper  read  to  the  Society  in  April  last  "  On 
Reproduction  of  Lost  Parts  and  Abnormality,"  I  referred  to 
examples  of  these  among  cruatacea.  This  note  is  devoted  to 
illustrative  instances  in  the  shore  crab  (Carcintt-t  mccnas),  the 
common  crab  {Cancer  pagnrus),  and  the  Norway  lobster 
{Kephrops  Norvejictis). 

'  I  rpgnt  that  I  hava  not  hod  nn  opportnrity  of  eiaminine  specimens  of 
tho  .ScnniiinaTian  Pa^inti  ehiroacanthua,  Lilljaborg,  with  which  tho  present 
s[ioFie9  ia  iMuheps  ajnaaymous. 
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I.  Carcinus  msvab. — a.  (V\.  II.,  Fi;,'.  1)  In  the  apeeimens 
shown  I  have  placed  the  noitnal  right  foot  of  the  anterior  pair 
alongside  of  the  left  foot,  in  which  the  exaggerated  variation 
and  partial  distortion  occur.  In  the  abnormal  form  the  joints, 
and  especially  the  so-called  ann,  wrist,  and  hand  joints, 
are  larger  than  in  the  other,  while  the  jointed  finger  is  more 
slender.  The  abnormity  consists  of  a  pair  of  pretty  taper- 
ing, snb-crescent  shaped,  toothed,  yet  unjoiiitcd  lingers  spring- 
ing from  the  base  of  the  jointed  finger  of  the  hand  (ehela). 
These  are  little  more  than  |ths.  of  an  inch  long,  and  a  little 
less  wide  at  the  broadest  part — the  sleiuler  points  of  the  cres- 
cent being  ftha.  of  an  inch  from  each  other,  A  furrow,  com- 
paratively broad  at  the  arc  of  the  crescent,  tapers  gradually 
on  both  sides,  till  about  a  line  from  tlie  points.  The  width 
between  the  tip  of  the  unjointed  finger  and  the  outermost 
tip  of  the  crescent  is  f  ths.  of  an  inch.  Tlie  wliole  length  of 
the  foot  is  1  inch  and  ^ths.  (b)  The  second  instance  of 
abnormal  growth  occurs  in  the  third  pair  of  feet  of  the  same 
species,  but  in  a  larger  and  older  specimen  than  that  just  de- 
ficribed  (Fig,  2).  At  the  tip  of  the  penultimate  joint  a  rounded 
process,  |ths.  of  an  inch  in  length,  proceeds  in  the  natural 
direction  of  the  last  joint,  but  instead  of  tapering  to  a  point, 
it  bifurcates  near  the  tip — the  forks  showing  indistinct  traces 
of  toothing.     This  process  ia  thickest  at  the  base,  and  to  this 
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forks  have  been  broken  at  the  end.  The  leni,'th  of  the  li 
is  f  tha,  of  an  inch.  The  iioriuiJ  forceps  remaia,  but  they  are 
shorter,  and  more  slender  than  usuaL  Sir  John  G.  Dalyell 
has  figured  an  abnormal  limb  having  some  resemblance  to 
this,  but  the  excrescence  ia  in  the  direction  of  the  forceps, 
though  separated  from  them,  and  has  two  short  processes  from 
the  root,  which  are  absent  here.'  (6.)  The  other  specimen  is 
interesting  as  an  exceedingly  good  example  either  of  the 
restoration  of  a  lost  part,  or  of  the  repair  of  an  injured  claw 
— most  likely  the  latter,  as  I  conclude  from  the  appearance 
of  the  chilinous  layer  towards  the  point  of  the  jointed  finger, 
and  the  deeply  uneven  surface  at  the  base. 

III.  NEriiKOPs  NoRVEGicus.— Mr  B.  N.  Peach  has  kindly 
given  me  an  excellent  example  of  an  abnormal  chela  in  the 
Norway  lobster,  accompanied  by  the  following  note : — "  The 
specimen  was  obtained  from  the  Firth  of  Forth  by  the  late 
C.  W,  Peach  some  years  ago.  It  consists  of  the  last  two 
joints  of  the  large  claw  from  the  right  side  of  a  Norway 
lobster.  The  abnormity  consists  in  the  portion  of  the 
penultimate  joint,  which  in  ordinary  specimens  opposes  the 
last  one,  being  undeveloped,  while  the  last  segment  is  normal, 
so  that  the  appearance  of  au  ordinary  monodactylous  walking 
limb  is  assumed."     (See  Fig.  4.) 

Questions  of  some  interest  are  associated  with  the  pheno- 
mena of  abnormity  in  the  specimens  now  described.  Do 
they  result  from  injury  to  the  crust  in  the  stages  of  its 
compacting  ?  Or  are  they  the  outcome  of  lesions  in  the 
deeper  tissue  ?  Does  the  repair  take  place  before  or  at  and 
dependent  on  exuviation  ?  With  reference  to  these  questions 
I  notice  that  while  students  quote  lieaumur,  Milne-Edwards, 
and  Bell,  the  peculiarly  interesting  and  trustworthy  observa- 
tions of  Sir  John  G.  Dalyell  are  seldom  noticed,  or  when  his 
facta  are  noticed  their  source  is  frequently  not  acknowledged. 
Sir  John  refers*  to  one  specimen  of  Carcintis  maiiaa  which 
was  defective  of  the  right  claw ;  to  another  which  had  even 
lost  four  limbs  and  half  the  forceps  of  the  left  claw ;  and  to 
a  tliird  which  had  been  mutilated  of  the  right  claw,  tliree 


' "  The  Powera  of  tbe  Cicator,"  vol,  i 
*Ibid.,  p.  103. 
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liiulis  of  the  same  side,  and  of  a  limb  on  tlie  left  side,  aa  all 
appearing  perfect  on  exuviation.  This  points  to  the  period 
of  moulting  aa  that  at  wliicli,  in  tlie  case  of  the  shore  crab, 
the  reproduction  of  lost  parts  geucmlly  takes  place;  and,  not 
unlikely,  the  origin  of  tliese  nbiiuniial  conditions  of  limbs 
will  be  found  connected  with  injuries  to  the  chitinoua 
covering,  which  ia  soft  and  tender  at  this  stage  of  growth. 
It  is  worthy  of  notice  that  such  injuries  occur  for  the  most 
piirt  at  the  left  aide.  Of  thirty  sjiecinicns  of  Carcimts  tnantu 
of  different  sizes,  examined  by  me  Inst  August,  seven  were 
less  or  more  mutihited  on  the  left  side  and  only  one  on  the 
right. 


VI.   On  WkiUhait.      By  J.  C.  Ewart,  Esii-,  M.T>.,  Trofessor 
of  Katural  History,  Univui-sity  of  Edinbur^'lL 

(Read  17th  Fcbniary  188U.) 

The  question  "  What  are  whitebait  ? "  has  been  again  and 
again  asked,  but  a  complete  and  sutiiiludoiy  answer  has 
never  been  given.  Since  the  funeral  feast  of  the  founder  of 
the  Charter-house  in  1612,  when  six  dishes  of  *'  whiU;bait" 

appeared  on  the  tuliSe,  tlie  nature  of  whitebait  has  been  often 
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bait  con3ist3  of  about  80  per  cent.'  of  herring,  and  about  20 
per  cent,  of  sprats. 

In  order  to  extend  further  this  inq^iiii-y,  with  a  view  to 
ascertaining  whether  our  own  waters  might  yield  what 
whitebait  wo  require,  I  have  examined  samplea  of  the  white- 
bait sent  into  the  London  market  from  tlie  middle  of  Feb- 
ruary to  the  middle  of  August  1885.  During  February, 
1400  specimens  of  whitebait  were  examined,  with  the  result 
that  93  per  cent,  were  sprats,  and  7  per  cent,  were  herring. 
The  sprats  varied  from  2  to  3  inches  in  length,  while  some 
of  the  herring  were  under  2  inches  in  length,  and  only  partly 
provided  with  scalea. 

During  March,  1200  specimens  were  examined.  Of  these, 
95  per  cent,  were  sprats  (from  2  to  2J  inches  in  length),  ami 
6  per  cent,  were  herring  (some  of  the  herring  were  nearly 
4  inches  in  length). 

In  April,  800  specimens  were  examined.  Of  these  8G 
per  cent,  were  sprats  and  14  per  cent.  Iierring,  During 
April  the  whitebait  diminished  considerably  in  size,  and  the 
percentage  of  herring  greatly  increased.  The  average  size  of 
the  sprats  was  2  inches,  while  12  per  cent,  of  the  herring 
were  under  IJ  inches  in  length.and  had  only  the  keeled  scales 
developed.  The  samples  at  the  end  of  April  contained  40 
per  cent  of  only  slightly  scaled  herring,  which  measured 
from  1  to  IJ  inches  in  length. 

Of  the  COO  specimens  examined  in  May,  70  per  cent  were 
sprats  and  30  per  cent,  were  herring.  Most  of  the  sprats 
were  2{  inches  in  length,  while  40  per  cent  of  the  herring 
were  about  2  inches  in  length,  and  ahiioat  completely  scaled ; 
the  others  were  from  IJ  to  If  inches  in  length,  and  only 
partly  scaled.  At  end  of  the  month  nearly  85  per  cent,  of 
the  specimens  examined  were  partly  scaled  herring. 

Eight  hundred  specimens  were  examined  in  June.  Of 
these,  87  per  cent  were  herring,  while  13  per  cent,  were 
sprats ;  60  per  cent  of  the  herring  were  from  2  to  2  J  inches 
in  length,  and  completely  scaled,  while  the  remaining  40  per 
cent,  were  from  1  to  2  inches  in  length,  and  either  without 
scales  altogether,  or  only  partly  scaled.  The  sprats  varied 
from    1    to  2^    inches  in    length,   and    the   smaller   ones 
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were  either  without  scales,  or  hod  only  tlio  keeled  scales 
developed. 

During  July,  600  specimens  were  exumined.  Of  thes^ 
73  per  cent  were  herriiiy,  oiid  25  per  ceuL  were  sprnts';  tbs 
herring  varied  from  1^  to  '2^  inches  in  length,  but  80  per  cent. 
were  under  2  inches ;  8  per  cent,  of  the  sprats  were  under 
1^  inches  in  length,  and  were  almost  destitute  of  scales. 

The  August  whitebait  examined — some  500  specimem — 
contained  52  per  cent,  of  herring  from  2  to  3  inches  in  length, 
and  48  per  cent  of  sprats  from  1  to  1^  inches  in  leugtb. 
As  August  advanced,  the  pe^ceutI^,'e  of  small,  almost  scale- 
less,  sprats  greatly  increased,  uutil  tlie  sprats  formed  80  per 
cent  of  the  samples  examined. 

From  these  specimens  examined,  it  is  evident  that  the 
nature  of  whitebait  varies  considerably.  Sometimes  it  con- 
sists almost  entirely  of  sprats,  while  at  other  times  it  consists 
chiefly  of  herring;  and  not  only  does  it  vary  as  to  the  num- 
ber of  sprats  and  herring,  but  also  in  the  size  of  these  iish. 
In  February  and  March  the  wliitebait  in  t)ie  Loiulun  market 
was  almost  entirely  mode  up  of  about  Imlf-gruwn  t>prats.  Id 
Apiil  the  whitebait  was  smaller,  and  tlte  nnmbt-r  of  herring 
had  considerably  increased.  In  May,  June,  and  July  the 
whitebait  was  almost  entirely  composed  of  small  fish,  many 
of  tlieiii  with  only  a  few  scales,  and  undoubtedly  young 
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Hitlierto  our  supplies  of  whitebait  have,  to  a  great  extent, 
come  from  London,  While  bringiny,  at  a  considerable  cost, 
whitebait  from  London  during  the  winter  of  1883-84,  we 
were  spreading  tons  of  absolutely  fresh  whitebait  taken  from 
the  Forth  on  our  fields,  and  sending  still  larger  quantities 
from  the  Tay  to  be  manufactured  into  manure  at  Montrose. 
From  Mr  Matthews'  inquiries,  published  in  the  Fishery 
Board  Keport  for  1883,  it  seems,  of  the  43,000  erans  of  sprats 
captured  ou  the  east  coast  during  the  winter  of  1883-84, 
over  23,000  crans  were  sold  for  manure.  Of  sprats  captured 
in  the  Tay,  21  per  cent,  were  young  herring;  but  the  herring 
in  the  Moray  and  Beauly  Firths  only  formed  8  per  cent,  of 
the  takes,  while  the  Forth  sprats  only  contained  1  per  cent. 
of  herring. 

If  one-fourth  of  the  sprats  had  been  taken  in  whitebait 
nets,  we  could  have  sent  over  5000  crans  of  whitebait  into 
the  market  during  the  winter  of  1883-84.  Further,  Mr 
Matthews  discovered  that  there  are  sprata  on  the  Ayrshire 
coast,  and  this  discovery  I  have  placed'  beyond  doubt  during 
the  present  winter.  The  sprat  shoals  visit  the  Ayrshire 
coast  in  October ;  hence  we  might  begin  to  send  whitebait 
into  the  market  in  October,  and  keep  up  the  supply  for  four 
or  five  months. 

While  utilising  the  small  fish  captured  for  whitebait,  we 
should  certainly  either  leave  the  large  sprats  in  the  sea 
(when  unable  to  use  them  fresh),  or  preserve  them  as  sar- 
dines. Sprats  are  extensively  preserved  as  sai-dines  in 
Canada,  and  I  understand  we  sometimes  send  consignments 
of  sprats  to  France,  to  have  them  returned  to  us  in  tins  as 
sardines.  At  Eide,  on  the  Hardanger  Fjord,  there  is  a  large 
factory  for  preserving  sprats  as  anchovies.  It  is  to  be  hoped 
that  in  future  both  the  large  and  small  sprats  captured  may 
be  utilised  as  food. 

I  am  much  indebted  to  Mr  Duncan  Matthews  for  much 
valuable  assistance  rendered  during  this  inquiry,  especially 
for  assisting  in  the  extremely  diliicult  work  of  identifying 
the  small  scaleless  speciiaens,  of  which  the  best  whitebait  Is 
chielly  composed. 

VOL.  K.  t 
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VII.  On  the  Occurrence  of  Spores  in  the  CaT^xmi/erous  Fbr- 
mation  o/Scullamt.  liy  .Tamks  Bkkn'IK,  Esq.,  of  the 
Geological  Survey  of  Scotlaud,  aod  ItobERT 
KiDSTOS,  Eflii.,  F.II.S.K.  F.U.S.'     [Plates  lU.-VL] 

(BMdSlatAi'rillBSe.} 

Tlio  occurrence  of  Bpores  in  coal  liaii  bticn  known  for  m&ny 
years,  though  fot  a  considerable  time  after  tlieir  discovery 
they  were  regarded  as  Bporangia,  and  it  U  only  within  the 
last  few  years  Uiat  their  true  nature  haa  bueii  understood. 

In  1833,  Witham,  while  describiii;^  tliu  microscopic  struc- 
ture of  coal  with  the  object  of  proving'  its  vegetable  origin, 
figures  in  his  now  classic  work  on  the  "  luteniul  Structure 
of  Fossil  Vegetables  found  in  the  Carlxmiferous  and  Oolitic 
Deposits  of  Great  Britaiu,"  sovonil  sections  of  couls  from 
dillerent  localities.  On  his  I'l.  XL,  Figs,  4,  5,  he  gives  a 
transverse  and  lougitudiual  section  of  "  some  species  of 
cauuel  coal  from  lancasliire."  Of  this  lie  suys : — "  I  have 
ctrtoiuly  found  traces  of  organisation "  (/.c,  p.  50).  "The 
appearances,  however,  arc  so  undecided,  that,  although  I 
should  be  inclined  to  consider  tliem  indicative  of  a  ntono- 
cotyledonous  plant,  I  shall  uut  venture  u]kiu  any  cuiijcctura 


Oil  Spores  in  the  Carboniferoiis  Formation  of  Scotland. 


hngibradealiis,^  to  which  plant  the  spores  he  described  and 
figured  belonged,  "  theae  ( =  macrospores)  reniform,  minutely 
tuberculated.  .  .  ."  "  The  capsules  ( =  macrospores)  of 
this  species,  neither  bitiiminised  nor  mineralised,  but  in  a 
state  of  brown  vegetable  matter,  are  very  abundant  in  some 
of  the  coarser  sandstones  of  the  Coal  Measures." 

In  1848,  Goppert  figures  and  describes  some  macrospores 
under  the  name  of  Carpolithes  coniformis? 

C,  Feistmantel,^  though  cognisant  of  the  spore  nature  of 
Carpolithes  coniformis,  figures  and  describes  imder  this  namts 
masses  of  macrospores,  evidently  occurring  very  much  in  the 
same  manner  as  those  in  many  of  our  coal  seams,  aa  at 
AVhitehill  Colliery,  Kosewell ;  Tullygarth,  Clackmannan ; 
Kordel,  Fife ;  and  Kilwinning,  Ayrshire,  etc. 

When  thin  sections  of  these  spore-coals  are  examined 
under  the  microscope,  it  is  found  in  almost  all  cases  that  tJie 
matrix  in  which  the  macrospores  are  embedded  is  composed 
in  great  part  of  microspores. 

Hooker,  who  was  the  first  to  describe  the  internal  structure 
of  Lepidostrobi,  figures  several  specimens  of  these  cones  show- 
ing sporaugia  containing  such  microspores.  His  specimens, 
however,  were  very  fragmentary,  and  he  was  unsuccessful  iu 
discovering  any  portions  of  LepidostroU  exhibiting  macro- 


The  occurrence  of  macrospores  in  Lepidodendroid  cones 
was,  as  already  mentioned,  observed  by  Professor  Morris  in 
1840.  The  next  note  of  a  similar  discovery  is  in  a  paper 
contributed  by  Mr  Carrutliers  to  the  Geological  Magajeinc  in 


'  Morris  in  Preatwick,  "On  the  Geologj  of  Coalbrook  Dale  " — Tntu.  Geol. 
Soa.  LoniloQ,  SJ  aer.,  vol.  v.,  ex[>lanation  to  PI.  XXXTllI.,  1840.  Icpiiio- 
dtidron  ImgibTortatlia  U  probably  refeniljlo  to  Lep.  Stcmberyii,  «9peciflBthat 
ia  coimuoD  la  the  Dodulos  at  Conlbrook  Dale. 

■  I'reuachrift,  Natorkundige  Verb  and  elingen  ran  Jb  Hollandache  Maat- 
aebappij  der  Wete nucha ppeo  te  Baarlom,  PI.  VIL,  Fig.  17. 

'  Dor  Hangenilfliil^ziig  in  Sclilan-Rakonitzer  Steiukohl^nbocken,  p.  99, 
PI.  Vr,  Fig.  i,  1831  (ArehiT.  d.  Naturw.  Laiideadurcbforach  ling  von  Biibnion, 
IV.  Baud,  Nro.  S,  Geologiathe  Abtheil). 

*  lUmarka  OD  Iha  Structure  aud  Affinities  of  iome  L«pidi»trobi — Ueni.  of 
the  Geol,  Survey  of  Great  Britain,  vol.  iL,  part  ii.,  p.  410,  Pis.  IIl.-X., 
184  a. 
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18G5.^  He  here  proposes  the  j^cnus  FUmingilai  for  the  cone 
ho  describua.  This  <;eiius  he  dcliiius  as  "  eudi  trait  of  the  eont 
sitpporliruj  a  double  series  of  roundish  sjwratigla,"  in  diatinciion 
to  the  old  genua  Lepidontrubus,  wliich  he  describes  aa  "tack 
scale  of  the  cone  supporting  a  siwjlc  Mowj  sporangium^' 

The  genus  Flemingitcs  has  unfortunately  been  founded 
upon  an  inaccurate  conception  of  the  structure  of  tlie  cone  on 
which  it  was  based — what  are  regarded  by  Mr  Carruthers 
as  "rounded  sporangia"  being  macruspores  (similar  in  general 
sti-ucture  to  some  about  to  be  tlescribed),  and  not  sporangia. 
His  enlarged  drawing  {I.e.,  I'l.  XH.,  Fig.  A  S)  shows  between 
the  bracts  two  rows  of  the  bodies  Mr  Carruthers  describes  as 
sporangia,  but  which  ore  the  uiacrusi)ores  contained  in  a 
sporangium  attached  to  the  upper  surface  of  the  bract  The 
sporangium  wall  is  not  seun  in  his  (i^ure,  but  lias  been 
demonstrated  by  Binney  and  others.  la  fatt,  the  cones  sub- 
sequently described  by  Itinney  in  the  Paliuuutugrapliical 
Society  for  1871  as  LepUhatrobiis  Itussrtlianiis,-  seem  iden- 
tical with  Mr  Carruthers'  FlemingUcs  <jnuili.i.  The  triradiate 
ridge  on  the  upper  surface  of  the  macros) hhi/s  ia  produced  by 
'  their  mutual  pressure  on  each  other  whilii  contiiiucd  in  the 
Tuother-cell,  and  does  not  iudicutu  their  }«ii»t  of  attachment 
to  the  bract,  as  supposed  by  Mr  Carruthers." 

Scliimper  was  the  first  to  describe  a  cone  Bliowing  both 
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beautiful  example,  which  he  named  Lfpidoatrohus  Dahadianiis, 
was  found  in  the  drift  at  the  entrance  of  the  Valley  of  Volpe, 
Haute,  Garonne;  hence  its  true  geological  age  cannot  be 
satisfactorily  determined. 

In  the  following  year  (1871)  Mr  Binney  figured  a  number 
of  Lepidostrobi,  some  of  wliich  showed  only  the  sporangia  con- 
taining macrospores,  whilst  other  more  perfect  examples 
showed  the  upper  sporangia  to  contain  microspores  and  the 
lower  macroaporea.  Such  is  the  case  in  his  Lepidodrohns 
levidemis,  L.  Wuitsckianns,  and  L.  latits.  Mr  Binney  was 
therefore  the  first  to  note  the  occurrence  of  micro-  and  macro- 
spores  in  cones  of  undoubted  carbonifermis  age.* 

It  is  impossible  to  do  more  than  refer  very  briefly  to  the 
numerous  observations  on  the  occurrence  of  macrospores  and 
microspores,  made  by  Professor  Williamson  in  his  various 
memoirs  "  On  the  Organisation  of  the  Fossil  Plants  of  the 
Coal  Measures,"  where  he  gives  many  figures' and  descriptions 
of  these  organisms,  either  as  isolated  fossils  or  as  contained 
in  their  parent  sporangia.  It  ia,  however,  necessary  to  refer 
more  particularly  to  a  few  forms  which  are  of  special  interest 
to  us  at  present 

In  the  Phil.  Trans,  for  1872  are  described  some  macro- 
spores, of  which  the  peculiarity  "is  the  projection  from 
every  part  of  their  esternal  surfaces  of  numerous  caudate 
appendages,  which  appear  to  be  actual  prolongations  of  the 
investing  layer  of  the  spore."'  "These  appendages  are 
rather  thicker  at  their  baaea  than  nearer  their  extremities, 
but  the  extreme  tip  of  each  one  ia  slightly  capitate."  The 
structure  of  these  appendages  answers  exactly  to  those  on 
some  macrospores  we  describe  under  the  name  of  Lagenicula 
(PI.  VI.,  Fig.  20/-S). 

Other  macrospores  from  Halifax,  fnrnished  with  fringes  of 
radiating  appendages  clothing  the  exterior  of  the  spore,  are 
also  described  by  Professor  Williamson.  Some  of  these 
appendages  are  simple,  others  are  branched.* 

'  Ob»erT»tions  on  the  Stmctare  of  Fuaf  il  Plants  in  the  Carbonifenins  Strata, 
Put  iL    Lepidostrobi  and  some  Allied  (.'odp!) — Palieontograjiliiviil  Soc. ,  tS71. 

■  On  tlia  Org«tii«ation  of  the  Fossil  PlnDts  of  tlio  Coal  Measureii,  Part  iiL, 
p.  see,  PI.  XLIV.,  Fig.  27<. 

'  Phil.  Trans.,  Part  11.,  1878,  PI.  XXlll.,  Figs,  58-60  (Memoir  IX). 
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A  portion  of  liis  Memoir  X.  ^  is  niso  devoted  to  ui  e 
nation  of  fossil  siKtrcs,  some  of  which  are  Ggnied.  TUs 
Memoir  also  contains  a  critical  examinatioD  of  the  bodies 
described  by  )[r  Oamithen  as  Tm-juairia*  The  rentlt  of 
Professor  WiHiamsoirs  investij3»tion  into  the  uttara  of 
Traquairia  shows  that  these  or^-ani^ins  are  Lycopodiaoeotis 
inacrosporea,  and  not  liadiolarians  as  supposed  by  Mr 
Curruthers.  These  fossils  have,  thorefi.>r«,  been  classed  u 
Lepidotirvhnt  Traquniria. 

In  IBlJ'l,  I)r  Ikoinsch  published  a  work  in  two  volnmes, 
entitled  "  Jlicro-l'ahfo-riiytoliv^ia  Forniatinnis  Corbonifene," 
in  whicli  are  {jivcn  over  a  hiiiidrod  jdates  of  micnM>rgaDisiiu, 
the  greater  portion  of  which  are  S|>ores.  Of  these,  however, 
we  must  restrict  our  remarks  to  thnse  ^'ronp!<  only  which  affect 
that  bmnch  of  the  subject  especially  en<:»^in>;  our  present 
attention.  Fossil  !>]>ore3  are  divided  by  Hr  Keinsch  into 
various  groiiits,  and  of  these  Trihtf^  is  the  one  to  which 
most  of  our  niacrosiKirofl  must  be  referred. 

Trilda,  as  employed  by  Dr  Heinsch,  miiy  lie  thus  defined: 
More  or  less  triangular,  scmi-ellii<tii.'al  or  circular  bodies, 
uDuully  occurring  as  compressed  discs,  oiittr  surface  varioosly 
ornamented,  but  always  showing  three  converging  ridges. 

These  sporos,  though  now  usuuUy  occurring  as  flattened 
discs,  were,  of  course,  originally  nmre  or  less  globular,  the 
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These  are  described  as  "  Noncellular  (or  unicellular  ?)  plants 
Ibrmed  of  a.  thallus,  distinctly  limited,  and  of  definite  form. 
Various  forma,  up  to  this  time  found  on  organic  substances, 
especially  on  the  largest  Trileten,  are  all  parasitic,  and  attach 
themselves  to  the  organic  substratum  by  their  roots  de- 
veloped in  a  peculiar  manner."  ^ 

"  The  basal  portion  is  developed  into  very  small  and  short 
branches,  which,  with  tliickened  extremities,  end  in  very 
small  knobs. 

"The  apical  portion  ia  developed  in  the  manner  of  an 
elongated  filament  {Trickostelium),  or  in  a  fiat  expansion 
(Stichosielium) ." 

The  two  subdivisions  are  further  de&ned :  Stelide^,  Sub- 
tribus  I.,  Triehostelium. 

"  Thallua  filiform,  lower  part  joined  to  the  substratum,  and 
changed  into  a  pedicel  of  many  branches ;  the  ujiper  part  vari- 
ously developed.  1,  entire ;  2,  forked ;  3,  much  ramified,  with 
the  ramifications  arranged  in  verticils ;  4,  much  ramified,  with 
the  ramification  doubly  bifurcated  without  order ;  5,  ramifica- 
tion irregularly  disj>ersed."* 

STELIDE.E,  Subtribua  II.,  Stichostdium, 

"Thullus  undivided,  entire,  sessile,  pedicel  imperfectly 
developed." ' 

This  group,  hia  Stdidetc  (containing  Triehostelium  and 
Sticlicstdium),  we  regard  as  an  integral  pai-t  of  the  spore  on 
wliich  they  occur,  being  in  fact  merely  an  extension  of  the 
spore  walL  This  subject  will  be  more  fully  entered  into 
when  describing  the  macrosporea  provided  with  these  so- 
called  StelidecE. 

There  ia  another  point  from  which  some  writers  have 
studied  the  occurrence  of  fossil  spores,  viz,,  the  part  they 
take  in  the  formation  of  coal.  In  1857  the  late  Professor 
Balfour  called  attention  to  the  occurrence  of  numerous 
spores  ("  seed-like  bodies  or  sporangia  ")  in  Fordel  Coal ;  •  and 
Professor  Huxley,  in  his  paper  "  On  the  Formation  of  Coal,"  ^ 
ascribes  to  spores  a  place  of  the  first  importance. 
'  L.c,  vol.  i..  p.  37.  '  i.e.,  p.  flS.  •  L.c,  p.  7Z 

*  On  Certniii  Organisms  foand  in  Coal  from  Fordol — TntDS.  Roj.  Soo. 
£<liii.,  vol.  nxi.,  p.  187. 

*  CoQttmporary  Roviow,  1S70,  vol.  xv.,  p.  618. 
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Dawson,  on  the  other  hand,  in  his  memoir  "On  Spore 
Cases  in  Coal,"  *  which  may  be  reganied  as  a  reply  to  the 
coQclusioua  arrived  at  by  Huxley,  believes  that  it  is  only 
under  exceptional  circumstances  tliat  spores  enter  very  largely 
into  the  formation  of  coaL 

Though  not  entering  into  this  part  of  the  subject,  we  are 
inclined  to  accept  Dawson's  view  of  the  part  spores  take  in  the 
formation  of  coal.  From  our  experii-ncu,  when  spores  oocur 
in  any  gieat  quantity  iu  coal,  tliey  are  usually  rt'stricted  to 
narrow  bands,  from  an  iucii  to  two  iuclies  in  tliickness,  and 
though  spores  mny  be  detected  throufihout  the  whole  seam, 
still  the  part  taken  by  them  in  the  formation  of  coal  gener- 
ally (excepting  the  spore  bands  already  referred  to)  seems 
small  when  compared  with  tlie  other  vegetable  remaius 
which  enter  into  its  composition. 

Such  spore  bands  in  coal  are,  however,  common  in  Scot- 
land. 

A  paper  on  the  subject  by  Mr  E.  Wethered  appeared  in 
the  Journ.  Roy.  Mic  &ic.  for  1885,*  where  figures  are  given 
of  spore  coals  from  various  localities,  one  plate  (I'l.  IX.)  being 
devoted  to  the  illustration  of  the  splint  coal  from  WhiwhiU 
Colliery,  Kosewell,  Midlothian.' 


It  next  falls  to  be  considered  what  plants  produced  tlieso 
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described  certain  cones  containing  macrospores,  which  he 
referred  to  Siffillaria^  but,  unfortunately,  these  were  uot 
attached  to  their  parent  stems,  hence  their  Sigillarian  nature 
was  not  satisfactorily  established. 

Subsequently,  however,  Goldenberg'a  views  were  proved 
to  be  correct,  when  in  1884  Zeiller  described  similar  cones 
to  those  figured  by  Goldenberg,  still  attached  to  their  parent 
stems,  wliich  bore  all  the  characters  of  the  genus  Sigillaria} 

Zeiller  figures  and  describes  several  Siifillariostrobns,  some 
of  which  contain  macrospores  with  smooth,  and  others  with 
apicnlate,  outer  surfaces.  These  two  forms  are  represented 
by  Dawson's  Sporanyites  glabra  and  S.  •papillata?  The 
minute  size  of  the  figures  given  by  these  authors,  prohibits 
us  from  identifying  any  of  our  forms  with  theirs,  as  there 
occur  several  varieties  of  both  smooth  and  apiculate  macro- 
spores. It  is,  therefore,  seen  that  plants  belonging  both  to 
LepidoiicTidron  and  Sigillaria  possess  macrospores  so  similar 
in  size  and  external  structure,  that  the  spores  belonging  to 
these  two  genera  cannot  be  separated  from  each  other  when 
found  in  an  isolated  condition. 


A  good  deal  of  discussion  baa  taken  place  as  to  the  affini- 
ties of  Zepidodendron  and  SigiUnria  with  recent  genera. 
That  they  are  both  Lycopodiaceous  seems  to  us  to  be  clearly 
established. 

Among  recent  Lycopods,  the  three  genera  to  which  Lcpido- 
dendron  and  Siijillaria  approach  most  closely  are  Lycopodiuvi, 
Sclagindla,  and  Isoetis. 

In  the  first  the  fructification  is  isosporous;  in  the  two 
last  fuUrospoTous,  and  it  is  to  this  latter  division  that 
Lepiilodendron,  and  most  probably  Svjillaria,  belong,  though 
as  yet  only  the  macrospores  have  been  observed  in  Sigillaria, 
— no  Sigillarian  cone  having  been  discovered  which  reveals 
the  arrangement  and  contents  of  the  sporangia  of  the  upper 
portion  where  the  microspores  would  most  probably  occur, 

■  Flora Ssnojiontiuiafossilia,  Pis.  B.,  Fig».18-Bfi;  IV.,  Fig. 3;  X.,  Figs.  1,2. 
'  Ann.  d.  Scienc  Nnt.,  C  nit..  Tome  lii.,  p.  256,  Pis.  XI.,  XII. 
•  Quart.  Journ.  Geol.  Sue.,  yol,  xiii,,  p.  105,  PI.  XH.,  Figs.  SO.  81 ;  also 
Acadian  Gool.,  186S,  p.  (81, 
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LepidadendTa,  in  their  fnictiflcation,  approach  most  closely 
to  Sdagiitdla,  the  cones  of  which,  na  well  as  those  of  Lepido- 
dendroK,  contain  both  micro-  and  mncrospores,  the  latter 
usually  occupying  the  lower,  and  tho  former  the  upper 
sporangia.' 

SigiMaria,  on  the  other  hand,  has  been  referred  to  Iioeiet ;  ' 
but  it  appears  to  us  that  a  more  satinrRctor}'  position  is  that 
accorded  it  by  Zeiller,  y\?..,  an  iiit«miw1inr<>  plnc^  bptwocn 
Lcpidmitndron  and  Isiides}  To  hO'iten.  Si'/'^i.Tin  ;i|i|>fars  to 
be  related  by  the  arrangement  of  the  sfMiraiigia,  and  perhaps 
through  its  mode  of  disseminating  the  spores;  to  Lfpido- 
dendron  by  the  structure  of  the  leaf-scars  and  tho  internal 
anatomy  of  its  stem.* 

The  gigantic  size  of  the  macrospores  of  fossil  Lycopoda  has 
led  several  botanists  to  regard  them  as  sporangia.  When 
examined  as  transparent  objects,  they  are  found  to  bo  com- 
[Kjsed  of  a  single  cell,  whose  wall  seems  to  consist  of  two 
layers.  In  many  cases  the  outer  layer  of  the  spore  wall  (the 
exosporium)  separates  from  the  inner  layer  (the  endosporium), 
and  in  this  condition  their  microscopical  examination  is  easily 
accomplished. 

Had  these  fossils  ever  possessed  a  cellular  structure,  traces 
of  it  would  still  be  preserved ;  fur  associated  with  the  macro- 
spores  are  numerous  films  of  epidermal  tissue,  showing  most 
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Zeiller  examined,  as  transparent  objects,  some  of  these 
bodies  from  his  Sigillarian  conea,  and  came  to  the  conclusion 
that  they  were  single  cells,  or,  in  other  words,  spores,  and 
not  sporangia.  But,  independently  of  this  microscopical 
evidence  in  favour  of  the  sporal  nature  of  these  fossils,  there 
is  the  further  evidence  of  their  having  been  found  in  situ 
in  sporangia,  as  figured  by  Binney,  Williamson,  and  others. 

In  Sdaginella  the  spore  wall  also  most  commonly  consists 
of  two  parts — the  endosporium  and  exosporium.  According  to 
Hoffmeister,  both  layers  take  part  in  the  composition  of  the 
long  spines  which  adorn  the  outer  surface  of  the  macrospores 
of  some  species.  These  spines  on  quite  ripe  spores  appear 
considerably  shorter  than  when  the  spores  are  half-developed, 
as  the  pressure  which  the  rapidly-growing  spores  exert  upon 
one  another  breaks  off  the  point  of  the  spines.^ 

In  recent  Lycopocis  the  spores  are  usually  developed  in 
groups  of  four ;  the  macrospores  of  Selaginella  affording  good 
examples  of  this. 

When  examining  the  fossil  macrospores  in  connection  with 
this  paper,  we  have  frequently  found  them  occurring  still 
united  in  groups  of  fours  (see  PI.  IV.,  Figs,  \&d,  16e),  and  in  a 
few  cases  have  found  the  four  macrospores  still  contained 
within  a  sporangium,  which  has  been  removed  from  its  bract. 

The  recent  macrospores  develop  a  small  prothalius,  which 
is  exposed  at  maturity  by  their  bursting  along  the  three  con- 
verging ridges ;  and  we  have  found  some  of  the  fossil  macro- 
spores split  in  a  similar  manner,  suggesting  that  the  pro- 
thalius of  these  individuals  had  arrived  at  a  certain  state  of 
development  before  fossilisation  took  place.  Some  such 
specimens  are  figured  on  PI.  III.,  Figs.  Gffl,  la. 

The  fossil  macrospores  vary  in  external  colour  from  black  to 
fawn,  the  latter  colour  depending  on  the  extent  to  which  they 
have  been  weathered.  The  blackness  of  the  spores  appears, 
however,  to  be  usually  the  result  of  staining ;  for  the  spores, 
when  broken  or  ground  for  microscopical  examination,  always 
exhibit  a  brown  or  amber-coloured  cell  wall.  This  is  especi- 
ally observable  when  sections  of  spore  coal  are  examined. 

'  HoSmeiater,  On  tho  Oerminntion,  Davelopment,  and  Frnptilicatton  of  the 
Higlier  CryptognmU,  ttanglated  by  Fred.  Currcy,  1S72,  p.  SSS. 
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The  macrospores  of  a  number  of  recent  Lycopods  have  been 
examined  for  the  pnrpose  of  comparison,  and  though  aa  a  rule 
these  are  much  smaller  than  those  of  Lejndodatdra  and 
SiffUlariw,  their  similarity  to  them  is  interesting  aad  striking. 
A  few  are  figured  on  I'l.  VI.,  Figs.  21-25. 

The  fossil  macrospores  are  divisible  from  external  charac- 
ters into  three  groups ;—  1,  nnontk ;  2,  apiculute ;  and  3,  thou 
with  au  equatorial  zone.  Among  recent  Lycopods,  sporea 
occur  answering  to  these  tlireo  divisions. 

In  our  investigations  we  have  collected  material  for  exami- 
nation from  tlie  four  divisions  of  tlie  Carboniferous  Formation 
as  developed  in  Scotland,  and  in  all — fnini  the  basement  beds 
of  the  Calciferous  Sandstones  to  the  upiH?rmost  beds  of  the 
Coal  Measures — spores  have  been  plentifully  found.* 

The  most  suitable  situations  fur  collecting  are  outcrops  or 
exposed  sections  afforded  by  streams,  sections  on  the  sea- 
shore, or  exposures  formed  by  railway  cuttings,  etc.,  where 
the  strata  have  become  somewhat  vfiilhfrrd.  In  such  situa- 
tions few  of  the  impure  coals  or  bituminous  shales  have 
failed  to  yield  spores  ot  other  organic  remains.  Such 
weathered  material,  if  free  from  bitumen,  ia  easily  prepared, 
requiring  merely  to  be  first  tkoroxyhiif  dried,  and  then  steeped 
or  boiled  in  water ;  this  usually  reduces  it  to  mud. 

Slialea  or  fireclays  liighly  charged  with  bitumen  do  not 
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usually  contains  most  of  the  spores.  It  should  then  he  dried, 
and  searched  under  a,  lena.  The  spores  are  easily  lifted  from 
the  mass  with  a  carael-hair  brush,  slightly  moistened  by  being 
drawn  between  the  lips. 

The  line  dust  which  passed  through  the  first  sieve  must 
not  be  thrown  away,  but  allowed  to  settle,  and  then  examined 
under  the  microscope  for  viicrospores  or  other  minute  organ- 
isms. Any  organisms  it  contains  worth  permanent  preser- 
vation may  be  mounted  with  Canada  Balsam. 


List    op    LocALirrEs  feom  wuice    Specimens  have  been 

COLLECTED,  WITH  THE  FORMS  OF  M.1CK0SP0RES  CONTAINED 
IN   EACH. 

1.  Shore,  half  a  mile  east  of  Cove  Harbour,  one  and  a-half 
miles  N.E.  of  Cockhurnspath,  Berwickshire. 

Fosition. — Basement  beds  of  the  Calciferous  Sandstones. 
In  sandy  fakes  beneath  a  hard  sandstone  in  which  Stiginaricc, 
Lcpitlodendra,  and  Calamite-like  plants  in  fragments  are 
abundant. 

In  the  spore  bed  scorpion  remains  are  frequent,  and  in  the 
plant  bed  the  original  of  the  Eurypterid,  Glyptoscorpiiis  {Cyca- 
dites)  Caledonicus,  was  found. 

It  is  noteworthy  that  in  the  Upper  Old  Eed  Sandstone, 
which  occurs  only  a  few  feet  below,  few,  if  any.  plants  arc 
preserved ;  yet  here  all  at  once  spores  are  found  in  the  sandy 
fakes  in  myriads,  proving  the  existence  of  an  abundant  vege- 
tation little  younger  in  age  than  that  of  the  underlying  Old 
Eed  Sandstone. 

CoTdcTita. — Lacenicola  I. 

In  fine  state  of  preservation. 

2.  Old  quarry  north  side  of  Colinton  Road,  under  Craig- 
lockhart  Hill,  tliree  miles  west  of  Edinburgh. 

Position. — Calciferous  Sandstone  Series  near  the  base  of  the 
Wardie  Shales.     In  fireclay  beneath  a  shale-like  coaL 
CWfcnte.— Lagemicula  I. 

Specimens  only  fairly  preserved. 

3.  Shore  west  side  of  Billow  Nesa.  First  and  second  coals 
west  of  the  Ness,  one  mile  west  of  Anstruther. 
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Posilion. — Culciferous  Saadstone  Series,  aboat  3000  Ceet 
beluw  Carbooiferuus  LJiueutuue  Series.' 
ConteiUs. — Lackmcl-la  I. 

Specimcos  well  preserved. 

4.  Shore  half-way  between  ICoome  Socka  and  Kilminning 
Castle,  Fife. 

Position. — Calciferous  Sandstone  Series.  Exact  position 
uncertain.  In  sliale  and  fireclay  connected  with  several  thin 
coaU. 

Co7itents. — Lagenicula  I. 

Specimens  well  preserved. 

5.  Kailway  cutting,  Priory  Moor,  west  of  road  to  Anstnitber, 
three  miles  south-east  of  St  Aiulruws. 

Pontion, — Calciferous  Sandstone  Scrius.  Exact  position 
uncertain. 

Contenis. — Lagenicula  I. 

6.  Shore  above  trap  dyke,  one  mile  east  of  Rock-and- 
Spindle,  four  miles  east  of  St  Andrews. 

Position, — Calciferous  Sandstone  Series.      Exact  position 
uncertain.    In  fireclay  below  small  coaL 
C'tmfento.— Lagksicula  I. 

Specimens  well  preserved. 
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nite  Bed,  2280  feet  below  Carbon  ii'eroua  Limestone  Series. 
Ill  sliale-Uke  coal,  one  foot  in  thickness. 
Contents. — Lagenicuu.  I.,  and  var. 
II. 
Specimens  well  preserved. 

9.  In  south-east  corner  of  the  cliff  under  the  Castle  of  St 
Andrews, 

Position. — Calciferous  Sandstone  Series.  Two  hundred 
feet  above  Encriolte  Bed.  In  black  shale  full  of  reed-like 
plant  remains.  Bed  four  inches  in  thickness,  resting  on 
Hreclay. 

Cuntents. — Lagenicdla  I. 

Specimens  well  preserved. 

10.  Nydie  Quarry,  Kuockhill,  four  miles  west  of  St 
Andrews, 

Position. — Calciferous  Sandstone  Series.  About  200  feet 
above  Encriuite  Bed.  In  good  coal  one  foot  in  thickness, 
above  a  shelly  sandstone  which  overlies  Myalina  Shale  and 
Limestone. 

Cuntents. — Triletes  III. 

Specimens  very  well  preserved. 

11.  Shore  under  Coalfarm,  one  mile  east  of  St  Monana. 
Position. — Carboniferous   Limestone   Series,  eight  or  ten 

feet  below  2d  Limestone  (Hosie)  of  the  Catbonifemua  Lime- 
stone Series.     In  shale-like  coaL 
Contents. — Triletes       II. 

XI  IT. 
XVI.  (?) 
Lagenicula  L 

Specimeus  well  preserved. 

12.  Railway  cutting  at  CrossgatehaU,  three  miles  south- 
east of  Musselburgh. 

Position. — Carboniferous  Limestone  Series.  Fireclay  under 
coal  below  the  3d  Limestone  of  Carboniferous  Limestone 
Series. 

Co/UcjUs. — Laqenicula  L 
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13.  Cliff  oa  Utt  bank  of  Hilatou  Uum,  below  Fkthhead 
Kiinii,  one  uiilti  suuth-west  of  Loaiihead,  MidlothiaiL 

PosUum. — Carbouifcruus  IJiiieHtone  Series,  a  few  feet 
above  the  3d  Limcstuuc  uf  the  UurboQiferoiu  LiiaeBtone 
Suries. 

CvnUnli. — TuiLETES  XVI. 

GuouPEU  Si'OBES  (?  TriUtts  XVI.). 
Speciiueus  well  jiresurveil. 

14  Shore  east  of  Seafi«Id  Tower,  one  mile  south-west  of 
Kirkcaldy. 

Position. — Carboniferous  Limestone  Series.  Fireclay  below 
coal  beneath  the  Tyrie  Liniestoucs,  the  'M  Limestone  of  the 
Carboniferous  Limestone  Seriea. 

Contents. — Lagenicl'La  I. 

15.  Joppa  Quarry,  three  miles  east  of  Edinlnirgh. 

Position. — Carboniferous  Limestone  Scries.  Fii-eclay  three 
inches  below  small  coal  (three  inches),  one  foot  beneath 
Joppa  Limestone  (the  No.  4  Limestone  uf  the  Geological 
Sui-vcy  =  th«  Index  or  Cow^deii  Liiiie»t(>nu  of  the  western 
coallields). 

Contents. — LlGKNlctlLA  L 

Specimens  well  i)reserved. 


On  Spores  in  the  Carboniferous  Formation  of  Scotland.   97 

18.  Shore  under  Old  Doocot,  about  200  yards  east  of 
Ravenscraig  Castle,  one  mile  east  of  Kirkcaldy. 

Position. — Carboniferous  Limestone  Series.  About  half- 
way between  Kavenscraig  (Gair)  and  Carberry  (Levenseat) 
Limestones,  the  two  highest  limestones  of  the  Carboniferous 
Limestone  Series.     In  shale-like  coaL 

ContevAs. — Lageniccla  I. 

19.  Shore  under  Old  Doocot,  about  200  yards  east  of 
Ravenscraig  Castle,  one  mile  east  of  Kirkcaldy. 

Position. — Same  as  No.  18.     In  coal  above  Doocot  Coah 
Contents. — Lagenicula  I. 

n. 

The  latter  form  is  rare.     Specimens  well  preserved. 

20.  Suburban  Railway,  Niddrie  Section,  three  miles  south- 
east of  Edinburgh. 

Position. — Carboniferous  Limestone  Series.  Coal  half-way 
between  No.  5  and  No.  6  Limestones  of  the  Geological 
Survey. 

Conlmts. — Laoenicdla  I. 

21.  Left  bank  of  the  Avon  below  Linlithgow  Bridge,  one 
mile  west  of  Linlithgow. 

Position. — Carboniferous  Limestone  Series.  Fireclay  under 
small  coal  (two  inches)  below  Dykeneuk  (or  Gair)  Limestone, 
one  of  the  Upper  Limestones. 

Contents. — Lagenicula  I, 

„  I,  win 

Specimens  are  in  a  fine  state  of  preservation,  and  show 
well  the  spinous  appendages.  Only  one  example  of  the 
variety  was  found. 

22.  Left  bank  of  Avon  opposite  Littlemill,  two  miles 
north-west  of  Linlithgow. 

Position. — Carboniferous   Limestone   Series.      Small   coal 
and  fireclay  below  the  Dykeneuk  (or  Gair)  Limestone,  one  of 
the  Upper  Limestones. 
Contents. — Lagenicitla  I. 

Specimens  well  preserved,  nud  very  plentiful 
VOL.  IX.  G 
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23.  Suburban  Bailway,  Niddrie  section,  three  miles  sontl 
east  of  Edinburgh. 

Position. — Millstone  Grit,  about  sixty  feet  above  the  No. 
Limestone  of  the  Gcolo^cal  Sun'cy  (Lcvcnseat  or  Carbeny 
the  highest  limestone  of  the  CiLrltonircrous  LimestODe  Soiei 
In  fireclay  below  four-inch  coal,  and  above  eight  inches  ( 
sandstone  permeated  with  Stigmarian  rootlets,  proving  it  ha 
been  an  old  soil. 

Conlenl$.—TBlLETts  V. 
VI. 
IX. 
XII. 
XV. 
Only  one  specimen  of  Trihtfn  VI, 
was  common,  and  finely  preserved, 
were  rare.     The  spccinicus  in  this  gathering  are,  as  a  ruli 
beautifully  preserved. 

24.  Shore  a  few  yards  west  of  Joppa  Salt  Pans,  three  milf 
east  of  Edinburgh. 

Posilion.—'WWhtona   Grit,   basement    beds.     Two 
coals  in  bed  of  thick  white  fireclay. 
Contfnls. — Tbiletes  VI. 
VII. 


-as  found.     TrihUa  '\ 
TrikL-s  XII.  and  IJ 
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Position, — Millstone  Grit,  near  middle.     In  fireclay  under 
two  small  coals,  lour  or  five  feet  apart. 
Contents. — Triletes  VII, 
IX. 
XII. 
XIV. 
The  spores  from  this  locality  are  in  an  excellent  state  of 
preservation.     Triletes  XIV.  is  one  of  the  commonest  forms, 
and  shows  the  equatorial  zone  in  a  very  perfect  manner, 

27.  Shore,  ClifF  under  Francis  Pit,  one  mile  east  of  Dysart. 
Fosition. — Coal  Measures,     In  two  thin  coaU  in  fireclay 

a  few  feet  apart.     The  same  beds  are  also  seen  on  the  shore 
between  tide  marks. 

Contents. — Triletes  I. 
IX. 

TrUeies  IX.  is  rare  ;  I.  very  plentiful  Specimens  beauti- 
fully preserved. 

28.  Shore  west  side  of  Blairpoiut,  one  mile  east  of  Dysart, 
Fife. 

Position. — Coal  Measures.  In  shale  with  streaks  of  coal, 
Lepidodendra,  SigiUaria,  a  few  ferns,  etc. 

Cantmis. — TKILBTE8       I. 
Larenicdla  II, 

Triletes  I.  very  plentifuL  Specimens  in  a  fine  state  of 
preservation. 

29.  Broomieknowe  Railway  Cutting,  east  end  of  station 
platform,  half  a  mile  east  of  Lasswade. 

Position. —  Coal  Measures.  In  the  bottom  of  the  apljnt 
coal  of  Whitehill,  Etdendean,  and  other  collieries  ia  Mid- 
lothian.    Coal  weathered  at  outcrop. 

CoTUents. — TfilLETEs  I,  . 

IX.  J 

I  XI.  ■  I 

XVII.  ' 

,        This  is  a  very  good  gathering.    The  spores  are  more  or  less 
bleached  through  weathering,  though  not  at  all  destroyed. 
I  'The  spines  of  the  apieulated  forma  retain  their  dark  colour 
I  upon  the  light  fawn-coloured  outer  surface  of  the  spore  wall. 


I 
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thua  forming  very  bcantiful  microscopical  objects.  TrilAt 
I.  is  not  common;  some  specimens  of  TrUttcB  XVI I.  occni 
still  anited  in  groups  of  four,  aa  well  as  in  a  separated  con- 
dition. 

30.  Broomieknowe  Railway  Cutting,  east  side  of  statior 
bouse,  half  a  mile  east  of  Lasswade. 

Position. — Coal  Measures.  Top  of  first  coal  below  splini 
coal.     Coal  weathered  at  outcrop. 

Contents. — Teiuttes  X. 

Specimens  bleached  and  well  preserved,  like  those  ol 
Locality  29. 

31.  Broomieknowe  Kailway  Cutting,  west  aide  of  etatiot 
house,  half  a  mile  east  of  Lasswade. 

Position. — Coal  Measures.  In  rough  coal  above  "parrel 
coal."     Weathered  at  outcrop. 

Contents. — TaiLETES  X. 
XI. 

Spores  bleached  and  preserved  as  mentioned  in  lAxaiiiy  29 
This  is  also  a  good  gathering. 

32.  Broomieknowe  Kailway  Cutting  between  station  anc 
bridge,  half  a  mile  east  of  Lasswade. 

Position. — .Jewell  Coal,  weathered  at  outcrop. 
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viduals  of  the  same  form  appear  to  l)e  euvelofied'  tk  'filifii 
sporangia.  ■'.  .•'  ".I" , 

34  Broomieknowa  Railway  Cutting,  cliff  at   tunnel  100 
f  arda  vest  of  station,  half  a  mile  east  of  Lasswade. 

Positioa. — Coal  Measures.     About  120  feet  below  Jewell 
Coal.     In  the  bottom  part  of  a  small  coal  (one  foot  thick)  in 
the  middle  of  the  section. 
Contents.— TmLSrvs  I. 

„         11.  and  II.  var. 
VII. 
IX. 
X 
XT. 

Specimens  are  very  well  preserved    Of  Trilctcs  II.  var. 
and  Triletes  IX  only  one  of  each  was  observed. 


35.  Kelly  Burn,  one  mile  east  of  Dollar.  lu  the  outcrops 
of  several  thin  beds  of  shale. 

Position. — Coal  Measures. 
Contents. — TriLETBS  I. 
II. 
VII. 
VIII. 
IX. 
X. 
XII. 
XIV. 
XVIII. 

specimens  well  preserved.  Triletes  I.  and  XIV.  very 
common  ;  II.  more  rare ;  VII.  plentiful  j  VIII.,  IX.,  X.,  and 
XII.  rare ;  XVIII.  also  not  very  common. 

36.  Debris,  Tullygarth  Pit,  Clackmannan. 
Position. — Coal  Measures. 
Contenlt. — Tbilbtes  VII. 

XIV. 

37.  Hailes  Sandstone  Quarry,  four  miles  west  of  Ediulmrgh. 
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Pcgili<n^.-^Ca.\cifQToua  Sandstone  Seriea,  Dear  the  Ward 
SliaVs. 
■    Contents. — Lagenicula  I.' 

NaTUKE    and    COSDITIOX    OF    T[IE    BEDS    FROM    WHICH    TI 

Spoues  have  iikks  collected. 

I.  COALB. — The  splint  and  I'lirrut  Coals  (if  not  the  onl; 
are  the  chief  kinds  which  have  yielded  spores. 

The  Soft  or  Cherry  Coals  in  which  the  process  of  bituminis 
tion  has  been  carried  to  any  considerable  extent,  cannot  1 
expected  to  yield  well-]>reserved  apaieit,  as,  being  thorottghi 
mineralised,  the  vegetahle  tissue  of  which  tliey  are  compos* 
has  been  converted  intd  a  pure  amorphous  bitumen  or  carbo 
Splint  coals  being  chiefly  composed  of  compressed  v^etab 
tisaue,  are  the  chief  spore-yielding  coals ;  while  Parrot  CoaJ 
cousistiDg  largely  of  mud  or  clay,  lii-,'ldy  char^eil  with  liqoi 
bitumen  or  comminuted  carbon,  have  also  yielded  spores  i 
considerable  numbers.  AVhen  either  of  these  coola  iAfn* 
great  difficulty  is  experienced  in  extmcting  the  sporea,  tt 
cohesion  of  the  moss  being  so  great,  tlmt  the  spores  can  on] 
be  liberated  by  mechanical  means,  such  as  crushing  ami 
splinters  with  pincers,  or  striking  thcni  smartly  edgewii 
with  8  hammer.  In  these  cases  the  yield  is,  however,  i 
Bmall.  that  little  success  1^3  atteiidiid  lliis  mwie  of  nrocurir 


I 
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profusely.  Generally,  the  fii-st  two  or  three  inches  of  fii'eclay 
beneath  the  superincumbent  coal  is  the  most  prolific.  This 
ia  well  illustruted  at  the  two  following  localities.  The  first 
ia  the  locality  we  originally  examined  for  spores,  and  ia 
situated  just  under  the  Railway  Weigh-houso  of  the  Niddrie 
Section  of  the  Edinburgh  Suburban  Kailway.  The  lowest 
bed  is  a  sandstone  eight  inches  in  thickness,  permeated  with 
Stigmarian  rootlets :  above  this  is  a  fireclay  six  inches  thick, 
of  which  the  lower  two  iuches  were  bai'ren,  while  the  upper 
four  inches  contained  great  quantities  of  spores.  The  coal 
above  the  fireclay,  which  was  four  inches  thick,  yielded  only 
a  few  spores. 

In  the  second  instance,  which  was  that  of  the  fireclay 
immediately  under  the  coal  beneath  the  limestone  of  Joppa 
Quarry,  spores  were  only  found  in  the  first  three  inches, 
whilst  the  lower  three  inches  were  barren.  The  sandstone 
underlying  the  fireclay  also  contained  many  Stigmaiiau  roots 
and  rootlets. 

III.  Bituminous  Shales  or  Shale-like  Coaxs. — These 
may  be  considered  poor  or  imperfect  coals,  composed  of  clay 
or  shale  highly  chained  with  bitumen  or  other  form  of  hydro- 
carbon. Where  the  process  of  bituminiaation  has  been 
arrested  by  the  quantity  of  clay  in  the  bed,  the  bitumen  has 
preserved  the  spores  from  decay  by  eremacausia,  and  they 
oi'e  "mummified"  or  "embalmed"  by  its  black  oil.  These 
shale-like  coals,  when  weathered,  can  be  easily  crushed,  and 
the  spores  liberated. 

IV.  Plant  Beds  (such  as  at  Blaiipoint). — In  such  beds 
where  there  ia  scarcely  any  formation  of  coal,  and  only  a 
blackening  of  the  shale,  with  perhaps  occasionally  a  few  thin 
streaks  of  coal,  the  shale  readily  yields  to  the  process  of  arti- 
ficial weathering,  which  consbts  in  simply  drying  the  shale 
and  steeping  it  in  water,  when  it  divides  into  small  pieces,  or 
is  reduced  to  a  clay.  The  spores  can  then  be  easily  washed 
and  floated  off. 

Black  Fakes  in  Sandstone  Beds. — At  several  places  on 
the  shore  at  Joppa,  and  in  Joppa  Quarry,  but  especially  in 
Eailes  Quarry,  parts  of  tho  sandstone  are  divided  into  thin 
lamijuc  of  black  carbonaceous  matter  and  white  sandstone. 
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Tliese  black  fukcfl,  wlieti  crusliuil  ami  washed,  resoIvB  them 
selves  into  vegetable  dehrix,  cotisiatiug  of  carbonised  wood 
compressed  stems  of  jtlaiits,  lar-^e  oblong  or  lanceolata  sac 
flattened  into  ni»re  tilnis,  and  a  few  spores.  They  also  con 
taiD  a  considerable  inimber  of  pieces  of  Scorpion  and  Eoiyp 
tend  skin. 

At  Hailes  Quarry  tlie  wliole  200  or  300  feet  of  sandston 
is  divided  into  thin  beds  by  t)ie  jjurtings  of  clay  or  hlacl 
films  of  carbonaceous  matter ;  and  sunietiinea  these  layers  an 
made  up  entirely  of  alternations  of  black  and  whit«  fake 
only  a  line  or  two  in  thickness.  These  black  fakes  beinj 
coniiMsed  of  vei^etable  diihrls,  the  sandstuuc  of  Hailes  Quarr 
must  represent  a  long  period  of  dej)osition  of  sand  in  wmi 
quiet  lake,  into  vhich  the  winds  and  streams  frequently  carriei 
the  lighter  vegetation  of  the  land,  which  was  de^tosited  a 
drift  wrack  along  witli  the  fulling  sediment. 

Inciukmal  0UGA.K1C  CuN'TKN'TS. — licsides  viacrospoTet  ant 
mieroKjx/rcs,  many  other  orgaiii:sius  were  discovered  whili 
examining  shales  and  coals.  The  most  numerous  were  of  vege 
table  nature.  Pinnules  of  ferns  fn^quently  occuri-ed  com 
pletely  "  mummified  " — tlmt  is,  with  tlie  ordinary  blacknea 
bleached  from  them,  simply  Icuvin'^  a  colourless  or  ligh 
brown  tissue,  in  which  occasionally  the  cell  structure  is  pre 
served.   Sometimes  portions  of  fern  t'lomU  in  circinate  vema 
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Some  of  the  thin  coals  were  almost  entirely  composed  of  such 
carbonised  vegetable  matter. 

Numerous  evidences  of  animal  life  are  present.  These 
consist  of  fragments  of  Scorpion  skin,  wliich  occur  in  almost 
every  oM  soil  or  weathered  coal.  They  are  generally  very 
fragmentary,  but  some  specimens  are  sufBcieutly  well  pre- 
served for  Mr  B.  N,  Peach  to  determine  to  which  portion  of 
the  body  they  belong.  These  fragments  are  frequently 
dotted  with  hair-Uke  projections  of  the  skin,  similar  to 
those  on  recent  scorpions,  and  in  many  of  the  examples 
pores  were  numerous.  These  specimens  are  of  a  rich 
reddish-brown  colour,  and  highly-enamelled,  with  a  polished 
surface. 

It  is  difficult  to  realise  the  thought  suggested  by  these 
fragments  of  Scorpion  skin,  that  in  Midlothian  a  climate  once 
prevailed  in  which  a  wholly  tropical  Scorpion,  or  a  closely- 
allied  form,  abounded  in  great  numbers.  The  preservation 
of  these  fragments  seems  due  to  the  almost  indestructible 
substance  of  which  they  are  composed,  the  chitine  being 
proof  against  all  the  ordinaiy  agencies  of  decay. 

In  many  of  tlie  old  soils,  fragments  of  Eurypterid  skin  in  a 
perfect  state  of  preservation,  with  all  the  peculiar  surface 
ornamentation  of  the  family,  also  occur.  The  Eurypterid 
skin  is  universally  of  a  dark  plum-blue  or  an  intense  black, 
very  dense  In  substance,  about  the  thickness  of  ordinary 
writing-paper,  always  opaque,  and  quite  unlike  the  scorpion 
skin,  which  is  generally  translucent,  and  sometimes  trans- 
parent, These  fragments  of  Eurypterida  were  exceedingly 
welcome,  as  they  proved  that  the  Eurypterids  of  the  Car- 
boniferous Period  were  not  aquatic,  but  land  animals, 
thus  confirming  the  conclusions  at  which  Mr  Peach  had 
previously  arrived.' 

In  Joppa  Quarry,  in  two  positions — one  immediately  be- 
neath the  limestone,  and  another  about  100  feet  higher  in 
the  section,  in  two  fireclays,  two  or  three  inches  in  thickness, 
each  under  a  small  coal,  and  therefore  land  surfaces — several 
hundreds  of  fragments  of  Eurypterids  were  found.     Such 


'  Ttsns.  Eoy.  f 
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uccuiTencos  demoiistratti  that  tliuac  ouiiuals  lived  and  die 
uii  Iiiiid,  and  nut  iu  watur.* 


Dkscuiitios  of  Sl-tX-IMESS. 


TriUUa,  IMiinch,  HL-ro-l'uLva-riiytuInj 

1>.  ],  1N14. 
SUtidae  liuuluJiu;;  Suli-Trilxn  TfUh-iM,  I, 


Tkiutes,  lU^iiisch. 

riiriu^liunU  Cwbonifun,  toI.  L 
niij  SlukotbliuM),  Ibid.,  p.  67. 


Dividiitii  I. — L.t:vi(:ATl, 

The  outer  surface  of  tlie  iiiaurusjiDres  of  this  division  i 
smouth — soiiio  liaviu^  ii  jiolishud  apjiuarauce,  others  a  verj 
slight  gniuulatioii,  thuuj^h  tliU  i^  iiut  ([uite  so  atronglj 
nmrked  as  on  the  surfuuu  of  tliu  !){HjrL'3  of  Sclu'/iitclla  Mar- 
tamii,  Spring  (I'L  VI„  ¥1^.  2;S),  wIiomc  outur  surface  has  a 
great  eimilnrity  to  that  of  aoiim  of  tlic  fuasils  inciluded  in 
tliia  divisluD, 

'  As  tbe  circunuUlKMt  which  lod  to  ths  tesrch  for  aporoi  tie  not  oalj  IntO' 
resting,  Imt  inBlruDtiro,  thay  mny  Ihj  briefly  relmteJ  here. 

lDci<l<nitally  tU«  exnmiuutiou  of  the  iwcliun  at  NiJilrie,  un  thv  ii#<>  Rdiii' 
burgh  Suburban  Koilway,  lod  dinsctly  to  tha  diseairery  uf  boilii  of  oual  anil 
treeUy  from  which  iiwrM  cutilil  bgfpjt  ftM  iu  giest  numbeni.  lu  thacitrem 
eut  of  tbis  cutting  th«  >olid  rocks  giro  jiluo  to  ■  tbiek  bed  uf  itrift,  coniiitin^ 
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Triletes  I.     TL  III.,  Fit's,  la  and  1&. 

Macrospore  large,  outer  surface  of  glossy  smoothuesg. 
Triradiate  ridge  occupying  two-thivda  of  the  upper  surface, 
the  extremities  of  the  arms  of  which  are  connected  by  a  more 
or  less  clearly  defined  semicircular  ridge  which  divides  the 
central  portion  of  the  spore  into  tliree  depressed  areas,  eaoli 
bounded  by  two  straight  lines  and  a  curved  one.  A  few  shoit 
wrinkles  generally  radiate  from  the  centre. 

Average  size. — 1*65  mm, 

Horaon. — Coal  Measnres. 

Localities.— 21,  28, 29,  34,  35. 


TElLETEa  II.     PL  III.,  Figs.  2a,  26,  and  2c. 

This  form  has  the  general  character  of  2'riletes  I.,  but  is 
smaller,  and  appears  to  have  been  stouter.  The  triradiate 
ridge  also  occupies  rather  more  than  two-thirda  of  the  upper 
surface. 

The  vat.  A  (PI.  IH.,  Fig.  26),  from  Loe.  11,  has  a  much 
stronger  triradiate  ridge,  and  may  belong  to  a  plant  specific- 
ally distinct  from  that  which  bore  the  type  form  of  Triktea  II. 

A  curious  variety  la  given  at  Pig.  2c,  where  between  the 
diverging  ridges  three  or  four  small  oval  pit-like  hollows 
occur. 

Average  size. — 1'25  mm. 

Horizons. — Coal  Measures  (Figs.  2a  and  2c),  and  Carboni- 
ferous Limestone  Series  (Pig.  2i). 

Localities.— 11  (Pig.  2t),  3i(Pigs.  2a,  2c),  35. 

to  be  foil  o!  Bporea  of  the  same  kinds  and  in  the  same  conilition  as  those  from 
the  lumpi  of  mud  ob  tito  top  of  the  sand-bud  iu  tLe  Iwutilvr  clay. 

Following  up  the  ulue  which  uircuiuBlnnciia  had  tbiu  given,  all  the  Uki^ly 
fireclays  and  cuals  ia  the  Niddrin  iiutLiiig  were  exnmluud  for  ^{lorcs,  as  also 
the  same  rocks  ou  the  shore  at  Joppa  and  on  the  fife  coast  at  Dysurt,  with 
the  result  that  spares  wero  found  iu  a  greut«r  or  less  di'grve  iu  all.  The  poor 
coala  and  ahales  of  the  calciferous  sandatonea,  and  the  richer  cools  and  shales 
of  the  Coal  Measures,  were  next  exainiued ;  and  though  spores  were  not 
nuiveisally  found,  they  were  found  in  so  many,  that  it  may  bo  coacludud 
that  almost  every  cool  or  Qrutlay  and  maiiy  plalit-beda  have  sporeu  embedded 
in  them  in  such  a  «ay  that  they  can  bo  easily  aopar^ited  from  the  matrix  by 
the  methods  described  in  this  paper  (p.  92). 
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Triletes  hi.    ri.  III.,  Fig.  3. 

Macrospore  smoolli,  but  not  having  a  liright  polished  sur- 
face as  oti  Land  II.;  triradiate  ridges  very  prominent  and 
short,  and  occupying  only  one-third  of  the  upper  surface. 
A  curved  ridge  connects  the  extremities  of  the  arms  of 
the  diverging  ridges,  but  is  not  so  much  elevated  as  the 
triradiat«  ridge  itself.  Occasionally  a  few  feebly  indicated 
riilges  radial*  from  the  centre. 

Size. — 180  mm.  to  1-42  mm. 

Horizon. — Calciferous  Sandstone  Series. 

Locality. — 10. 

Triletks  IV.    PL  III.,  Figs.  Aa,  46. 

Macrospore  very  small,  outer  surface  feebly  granulated. 
Triradiate  ridge  prominent,  occupying  about  four-fifths  of  the 
upper  surface,  between  the  arms  of  which  are  radiating 
flexuous  lines  that  usually  extend  to  the  cur\'ed  line  that 
coimects  the  arms  of  the  central  three-rayed  star.  This  is 
tlie  smallest  fossil  macrospore  with  which  we  have  met. 

Sise.~0-b1  mm.  to  0-51  mm. 

Horizon. — Calciferous  Sandstone  Series. 

Locality. — 7. 


On  Sjiorc 
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Size.— 2  mm.  to  1-50  mm, 
Horison. — MUlatone  Grit. 
Locality.— 2Z. 

TRILETE3  VI.     PI.  III.,  Figs.  6rt,  66,  6c. 

Macrospore  very  large.  Triradiate  ridge  occupying  one-half 
of  the  upper  surface.  Area  surrounding  the  three-armed  star 
finely  punctate ;  other  portion  of  spore  covered  with  numerous 
conical  spines.  This  is  easily  distinguished  from  the  last  by 
its  numerous  stout  spines  and  larger  size. 

Size. — 2'3  mm.  to  1'70  mm. 

Horizon. — Millstone  Grit. 

Localities.— 2Z,  24. 

TniLETES  VII.     PL  III..  Figs,  la,  76,  and  7c. 

Macrospore  similar  in  general  character  to  Trildes  VI,,  but 
smaller.  The  small  apiculi  on  the  area  of  the  triradiate  ridge 
are  prominent;  the  mamillate  spines  are  about  the  same  size 
as  those  of  the  lost  form. 

Size. — 1-70  mm. 

Horizons. — Millstone  Grit  and  Coal  Measures. 

Localities.— 2^y  26,  34,  35,  36. 


Triletes  VIII.     PL  III.,  Fig.  8. 
This  is  closely  allied  to  Triletes  VII.,  but  the  spines  are 
larger. 
Size—ISO  mm. 
Horizon. — Coal  Measures. 
Locality. — 35. 

Triletes  IX.  PI.  III.,  Figs.  9n;,  96,  9c,  U.  9e,  9/ 
Triradiate  ridge  extending  over  half  of  the  upper  surface ; 
surroanding  area  ornamented  with  numerous  small  apiculi. 
Other  portions  of  spore  covered  with  numerous  short,  thick 
spines.  Fig.  9c  shows  two  of  the  spines  in  their  natural 
condition,  and  three  that  have  been  flattened  by  pressure. 
Some  apecimens  of  this  form  have  been  found  united  in 
groapa  of  four. 
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Size. — 1'75  mm.  to  1'6  mm. 

Horizons. — Millstone  Grit  and  Coal  Measures. 

LoadUie8.—2Z.  25,  26,  27,  29,  33,  34,  35. 

Triletes  X.     PI.  IV.,  Figa.  lOrt,  105. 

Triratiiate  ridge  occupying  about  one-half  of  tlia  upper  sur- 
face. Apiculi  on  triradiate  area  small ;  on  other  jiortions  of 
Bjiine  distant  and  small  on  typical  forms,  but  some  varieties 
with  larger  spines  occur  in  the  Broomieknowe  gathering, 
wliicli  it  is  didicult  to  separate  from  the  tj'pe.  It  is  qait4 
possible,  however,  that  two  forms  are  included  here;  but 
auaiting  further  evidence,  they  are  placed  together. 

5ii«.— 1-82  mm. 

Horizon. — Coal  Measures. 

ioca/irieft— 30,  31,  32,  33,  34,  35. 


TfilLETES  XI.  PL  IV.,  Figs.  11a,  lift. 
Triradiate  ridge  occupying  altout  oue-half  of  the  upper  anr- 
face,  surrounded  by  an  area  bearing  very  small  apiculL  Othei 
parts  of  surface  of  macrospore  bear  very  stout,  somewhat 
distant  and  irregularly-disposed  conical  xpines.  The  spines 
are  more  distant  and  stronger  than  on  TrileksVWX.  lu  some 
cases  they  bear  comparatively  few  distant  and  irregularly- 
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13(1,  136. 


Macrospore  small  Triradiate  ridge  very  promineDt,  and  occu- 
pying fully  onc-lialf  of  the  upper  surface.  Surrounding  a 
of  triradiate  ridge  Bmootli,  or  very  obscurely  apiculate.  Other 
portions  of  spore  bear  distant  scattered  stout  short  spines. 
Only  a  few  specimens  of  this  form  have  been  met  with. 

Size.—1-dmm. 

Horizon. — Carboniferous  Limestone  Series. 

Lo<xUitif. — 11. 

Division  III.— Zonales. 

In  tliis  division  are  placed  those  Triletecc  on  which  the 
supposed  parasitic  StelidetB  occur.  We  have  already  ex- 
pressed the  opinion  that  the  Stelidca  (including  Tridioddium, 
and  Stichostelium)  are  integral  parts  of  the  spore  on  which 
they  occur.  That  this  is  the  true  explanation  of  the  equa- 
torial zones  will  be  best  seen  from  a  comparison  of  the  fossils 
with  some  recent  Lycopod  macrospores.  At  Fig.  22a  is  given 
an  enlarged  drawing  of  the  upper  view  of  a  macrospore  of 
Sdaginella  cautesccns.  This  spore  is  usually  surrounded  by 
a  solid  and  gently  undulating  equatorial  zone,  the  ti-iradiate 
ridge  extending  from  the  centre  of  the  spore  to  the  border  of 
the  zone,  where  it  becomes  slightly  pointed,  imparting  to  the 
complete  spore  an  obscurely  triangular  outline.  Occasionally 
a  few  spines  are  scattered  on  the  surface  of  the  spore.  Tliia 
may  be  regarded  as  the  normal  form  of  the  macrospore  of 
Selaginella  cauiescens. 

In  this  case  it  is  quite  impossible  to  do  other  than  regard 
the  equatorial  zone  as  an  integral  part  of  the  spore.  But 
along  with  these  solid-zoned  macrospores  a  few  others  occur 
having  slits  ua  the  zone,  as  shown  at  Fig.  226.  Tliis  slitting  is 
sometimes  carried  further,  when  the  zone  in  its  inner  part 
becomes  divided  into  a  number  of  pedicel-like  branches  sup- 
porting the  peripheral  portion,  which  may  be  solid  or  bear 
one  or  two  small  perforations. 

If  TrUeta  XVI.,  with  its  Siichostclian^SUlidew  (PL  V., 
Fig.  16),  ia  compared  with  the  macrospores  of  Se/a^ncUa 
cavlescene,  the  one  is  seen  to  be  an  exact  couoterjiart  of  the 
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other  in  all  particulars,  Yig.  16a  gives  n  correepondii^ 
view  to  that  of  the  spore  of  S.  eauleseene,  PI.  VI,,  Fig.  22a, 
where  the  zone  ia  entire  and  Bolid.  Fig.  16c  corresponds  to 
the  enlarged  portion  of  the  zone  of  S.  txiuUacrtui,  Fig-  225. 
The  remarks  made  on  the  structure  of  TrUeiu  XVI.  apply 
equally  to  Trilda  XVII.  On  Trades  XV,,  of  which  we 
have  only  seen  a  few  eiamples,  the  zone  is  more  divided 
than  in  rri/rfM  XVI.  or  XVII.,  but  the  peripheral  portioD 
of  the  zone  is  usually  united  into  a  more  or  less  solid  margin 
f  I'l.  IV.,  Fig.  15rf).  On  TrUctes  XIV,  the  zone  is  converted 
into  a  fringe  formed  of  much  flattened  simple  or  one  or  ioopb 
times  divided  hairs,  placed  closely  together,  in  several  seriea 
In  all  these  cases,  except  Trilttfs  XIV.,  the  zone  is  referable 
to  Dr  Reinsch'a  sub-tribe  SHrhostdium,  but  in  TriUita  XIV. 
it  is  probably  referable  to  his  sub-tribe  Trichoaidiuvi. 

From   these   considerations  we   have   lieen  led    to  uuito 
Reinsch's  Stelidew  with  the  various  Ti-ilctes  on  which  tliey 


TniLETES  XIV.     PI.  IV.,  Figs.  Ua,  14h.  14c.  \id,  \4e,  14/ 

Disc  of  maerospore  smooth,  or  very  slightly  granulated ; 
spore  wall  thick.     Triradiate  ridge  very  prominent,  con^der- 
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beautiful  bright  nDiber  colour  when  examined  by  transmitted 
light. 

Size. —  Including  zone,  157  mm.  to  145  mm.  Diameter 
of  disc,  1  mm.  to  1-2 

Horizons. — Millstone  Grit  and  Coal  Measures. 

Localities.— 2^,  26,  35,  Sti. 

Triletes  XV.    PI.  IV.,  Figs.  15a,  15&,  15c,  \M,  15f,  15/: 

Triradiate  ridge  prominent,  and  extending  over  about  four- 
fifths  of  the  upper  surface  of  the  spore  Other  portions  of 
the  disc  indistinctly  granulate  (Fig.  15c).  Zone  of  irregular 
width,  composed  of  flattened  filaments,  simple,  clavate,  or 
ramified  and  more  or  less  united  at  their  expanded  apices. 

The  structure  of  the  zonal  appendages  is  shown  at  Figs. 
15d,  15r,  15/.  Fig.  \od  illustrates  the  fusion  of  the  filaments 
at  their  flattened  and  extended  apices. 

The  zone  forms  a  circle  immediately  outside  of  the  ex- 
tremities of  the  arms  of  the  triradiate  ridge,  and  slightly 
within  the  periphery  of  the  (flattened)  spore. 

Diameter  of  disc,  1'36  mm.  Width  of  zone  very  variable, 
attaining  0'51  mm. 

JTorizon. — Millstone  Grit. 

Localities.— 2Z,  24. 


Triletes  XVL    TL  V.,  Figs.  Ua,  Ub.  IGc;  PL  IV., 
Figs.  16(/,  16e. 

Form  of  macrospore,  sub-triangular.  Triradiate  ridge 
extending  to  the  base  of  the  zonal  appendages.  Zone  wide, 
solid  or  more  or  less  irregularly  perforated.  The  lower  surface 
of  the  spore,  especially  towards  its  periphery,  provided  with 
short,  stiff,  adpressed,  outwardly  directed  hairs. 

Fig.  16c  shows  the  structure  of  the  zone.  In  mauy  of  the 
specimens  the  openings  are  closed  by  a  delicate  membrane. 
When  viewed  by  transmitted  light  the  appendages  of  the 
macrospores  of  this  division  (111.)  are  of  an  amber  colour. 

Specimens  united  in  groups  of  four,  wliich  we  believe  to 
be  referable  to  this  form,  have  been  found  associated  with 
the  type. 
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Size,  inclnditif;  zone,  1'94  mm. ;  diameter  of  disc,  1*1  mm. 
Iforizona. — Calciferous  Suiidstono  Series  and  Carbonifeioi 
Limestone  Series. 
Loealilies.~-7,  U  (?),  13,17. 

TitiLETEs  XVII.    PI.  v.,  Figs.  17a,  176v 

This  form  is  closely  related  to  the  last,  but  the  low< 
siiifoce  is  covered  with  a  dense  coating  of  stout  brisUe-lil 
hairs.  The  zone  is  occasionally  solid,  but  sometimes  divide 
into  a  number  of  flat  filaments  with  expanded  heads,  vhic 
unite  more  or  less  among  tliemselves.  We  ware  at  fir 
inclined  to  regard  this  form  as  a  variety  of  the  last,  *a 
although  the  difTerences  between  the  two  are  difficult  i 
express  in  words,  we  believe  tlicm  to  be  of  such  a  natnie  ■ 
to  prohibit  their  being  placed  together.  SpeeimetiB  of  th 
form  in  groups  of  four  also  occur. 

Fig.  176  shows  a  portion  of  tlic  zone,  but  the  zone  ia  tt 
form  of  its  parte,  even  on  the  same  specimen  (like  the  zoiu 
of  the  other  specimens  just  described),  varies  much. 

Size,  including  zone,  2  mm. ;  diameter  of  disc,  125  mm. 

HoTizoTi. — Coal  Measures. 

ZocalUies.~2^,  32. 

Trilktes  XViri.     PL  v.,  Figg.  18a,  18b.  18t 
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eventually  splits  into  three  aubtriangukr  Bcgments  (Figa.  19, 
and  20  a,  b,  e,  e).  Outer  surface  smooth  or  bearing  bristle-like 
hairs. 

LAdEsicuLA  I.     PI.  VI.,  Figs.  20a-s. 

Macrospore  tlask-shaped ;  outer  surface  provided  with 
bristle-like  hairs  of  various  forms.  Some  of  the  chief  forms 
of  the  hairs  are  shown  at  Figs.  20/-5.  The  hairs  vary  in 
outline,  not  only  on  different  individuals,  but  on  the  same  indi- 
vidual The  most  common  form  of  this  macrospore  is  given 
at  Figs.  20a,  b,  c,  d.  At  Fig.  20e  is  shown  another  form  which 
occurs  in  great  quantities  at  Locality  1.  This  does  not  differ 
from  the  typo  except  in  size,  but  it  may  be  conveniently 
distinguished  as  var.  major. 

In  the  neighbourhood  of  the  trilabiate  expansion  the 
spines  are  smaller  and  less  numerous,  and  on  the  lips  they 
appear  to  be  entirely  absent.  Figs.  20n  and /are  hairs  from 
var.  major ;  at  Fig.  20/  the  bristle  has  a  knob-like  extremity ; 
Figs.  20j,  A,  t  may  be  such  hairs  with  the  extremities  frac- 
tured ;  Figs.  20i  and  k  give  two  other  forms  of  knob-like  haire ; 
and  the  remaining  figures  afford  additional  illustration  of 
their  diverse  form.  These  epidermal  appendages  would  also 
be  most  probably  included  by  Reinach  in  his  StdidccB.  Tliis 
form  of  macrospore  is  very  plentiful  in  the  Lower  Carboni- 
ferous Limestone  Series. 

Size  of  type. — Trans,  diam.,  1-27  mm.  to  1"1  mm. 

Size  of  var.  major. — Trans,  diam.,  2  mm.  to  1"50  mm. 
Hirsute  appendages  vary  much  in  length. 

Horizons. — Calciferous  Sandstone  Series  and  CarbonifeToas 
Limestone  Series. 

LocalUiea.—!,  2,  3,  4,  5,  6,  7,  8,  9,  11,  12, 14,  15,  16,  18. 
19,  20,  21,  22,  37. 

L-VGENicuLA  II.     PI.  v..  Fig.  19. 
Macrospore  small  and  smooth. 
Size. — Trans,  diam.,  0'90  mm. 

fforizons. — Calciferous    Sandstone   Series ;    Carboniferous 
Limestone  Series ;  and  Coal  Measures. 
Localities.— S,  19,  28. 
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„      20«.          „                        1.   var.  major         .          .            X 15 

1.          1 

,,     2(y-J.       „                     I.  Hirsute  A ppendagus          x200 

Recent  Lyuupod  M&cuospukeh. 

„     ai.     laMii  laewtris,  Lian x  80 

„     22b.            „               „           Purtion  of  zone  of  uioUier  iudividu]i],                  V 

highly  magnified  to  »liow  the  perfomlions. 

■ 

„     33.     a&iyiMlto  Jfartonrii,  Spring,          .        .           kBO 

■ 

„     2*.              „        itrmatodH,  apring,        .        .           x  60 

■ 

,.     26.     /sfli^w  MAiwMpora,  Durien,      .        .         ,            M  60 

1 

i/uU.— My  thanks   are   due  to  Mr  B.   Lindsny,   RoysT  Botanic  Garden,                 ^M 

Edinburgh,  and  to  MrG.  HiohoUou,  Royid  Botauic  Gardena,  Kew,  for  kindly                 ■ 

proTidiog  me  witii  fruiting  apeoimans  of  Beeeut  Lyeopods  for  the  purpose  at                ^| 

compariug  their  niaoroBponta  with  these  fuaaila. 

-i 
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VIII.  77u  Birds  of  Skyt,  with  gpecial  r^ermce  to  the  Parith 
o/Duiriniah.  Part  L,  1886.  liy  the  Rev.  H.  A. 
Macpii£RSOK,  M.A.,  Member  British  Oruilhologists' 
UnioD. 

(Held  Febnun-  ISSO.) 
The  iieM  notes,  which  constitute  the  basis  of  the  pnsent 
report,  have  been  written  during  various  visits  paid  to  Skye 
since  April  1882,  and  relate  chiefly  to  that  western  portion 
of  the  Island  which  consists  of  tlie  promontoriea  of  Duiiiniah 
and  Watemish,  including  on  area  of  about  a  hundred  sqaare 
miles.  This  elevated  region  possesses  many  and  varied 
featares,  long  ondulating  spurs  of  bleak  moorland  altematang 
with  sheltered  glens  and  considerable  stretches  of  arable 
land,  whilst  a  few  small  fresh  water  lochs  arc  interspersed. 
The  precipitous  coast-line,  worn  by  the  waters  of  the  Minch, 
includes  the  magnificent  headlands  of  Watcrstein  and 
Galtrigill ;  but  in  the  neiglibourbood  of  Dunvegan,  the  hills 
sink  by  graduated  terraces  to  tlie  eca-levcl.  Natural  wood 
is  scarce  in  this  wild  district,  older,  hazel,  and  willow  being 
only  local  in  distribution ;  but  a  lui^  e.\tcut  of  ground  at 
Dunvegan,  Lynedale,  Watemish,  and  Greshornish  has  been 
planted  with  larch,  Scots  Gr,  plane,  and  other  varieties  of 
timber  during  tlie  present  century 
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liat ;  and  it  is  hoped  that  such  blanks  as  exist  may  be  filled 
up  by  future  observations.  Whatever  the  utility  of  the 
present  report  may  be,  very  cordial  thanks  are  due  to  the 
gentlemen  who  have  contributed  various  items  of  information, 
especially  to  Captain  Macdonald  of  Watemish,  Mr  DumvJlle 
Lees,  and  Captain  Cameron.  My  friend  Mr  Harvie-Brown, 
whose  acquaintance  with  Skye  extends  over  twenty  years, 
has  kindly  added  the  notes  which  bear  his  initials. 

About  153  species  are  recorded  as  occurring  in  Skye ; 
Si/hia  nisoria,  Sitta  casia,  and  Puffinua  major  being  virtually 
new  to  the  Hebrides. 

Turdus  viscivorm. — Resident,  but  scarce  in  Northern  Skye, 
Mr  Seebohm  states  that  it  was  formerly  much  more  plentiful, 
its  numbers  having  been  decimated  by  the  severe  winter  of 
1879-80. 

Turdua  musicus. — A  prolific  resident,  nesting  on  the  shrub- 
less  Ascrib  Isles,  and  in  other  wild  situations,  but  ratlier 
later  than  in  Southern  Britain.  I  have  seen  the  young  fly  in 
Skye  on  May  8th,  but  this  occurred  in  a  walled  garden.  Mr 
O.  V.  Aplin,  remarking  on  specimens  I  sent  him,  observes : — 
"  A  bird  in  nest  dress  from  Skye  is  everywhere  of  a  slightly 
deeper  tint  than  Oxfordshire  nesthnga.  In  an  adult  from 
the  same  locality  (April),  the  brown  of  the  upper  parts  has 
less  yellow  in  it,  and  is  therefore  colder  and  darker  than  in 
Oxon  birds,  and  the  face  and  breast  show  much  less  of  the 
yellowish  huff  ground  colour,  being  nearly  white  ;  the  spots 
also  appear  to  be  darker." 

Titrdtis  iiiacKs. — Winter  visitant,  but  not  in  large  numbers. 

Turdus  pilaris. — Winter  visitant;  large  droves  frequently 
occurring  on  the  vernal  migration. 

Turdus  mervla. — Resident  in  wooded  districts,  but  mora 
numerous  as  a  winter  visitant.  Many  males  of  the  year 
arrive  in  November,  haunting  the  braes  above  the  sea  and 
other  sheltered  situations ;  departing  in  March, 

Turdus  torquatus. — Summer  visitant,  but  not  numerous. 
Captain  Macdonald  shot  a  pair  at  Waternish  one  spring.  Mr 
Dumville  Lees  has  also  met  with  it.^ 

■  lu  1636  a  pnir  of  Ring  OozbIb  ncstod  at  Watemisli ;  anatbrr  pair  reared 
a  brood  on  Wateratein,  carrying  womu  to  the  fouug  in  my  presence. 
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Fig.  15a.  TriMcs  XV.  Upper  Surfaco  x  15    Locality  23 

,.     .54.         „  XV.         {■'"%,„"sp„,.„    "■'}        „       2a 

„     15f^         ,,  XV.  Partinn  of  Lower  Surface  higlity  magoi- 

fiad  to  sbow  granulfltioQ, 

,,     15d,e,/.„  XV.  Zonal  AppEDdsgflB    x280 

,,    16rf,         „  XVI.  Grouped  Spreg  x  15    Locality  17 

„    Iftf.  „  XVI.  „  „  xl5  „       17 

PLATE  V. 

CARBOHtFEItOUS   LVUOPOD   llACBOSPOBEa. 

Fig.  lea.  Trilotea          XVI.            Dpper  Snrfaco  xl5  Locality  17 

„     16*.        „             XVI.           Lower       „  xl6  „      17 
„     16i^         „               XVL            Zonal  Appetidagea   K  200 

„     17a.         ,,             XVn.            Lower  SurracB  x  15  ,,       29 

„     176.        „             XVIL            Zonal  Appendages  x  200 

,,     lau.         „           XVtII.            Upper  Surface  x  IS  ,,       35 

,,     186.         „           XVIll.            Lower       „  x  15  „      86 
,,     IBe.         „           XVIII.            Zonal  Appendage  (aeen  at  mi  opaque 

oiiject). 

„     IS.     Logenicala         It xlS  Locality  23 

PLATE  VL 

Carboniftiro'db  Ltcopod  Macbosiiobes. 

Fig.  20a.   LagfnUula           I x  16     Locality  15 

„     20b,         „                    1 xl5           ,,2 

„     20c.         „                    1 Kl5           „        6 

„     20d.         „                     I Xl6           ,.14 

..     20^,         „                     I.  var.  iiuy'or        .        .  xl5           ,i         1 

,,     20/-(,       „                     I.  HiriiUte  Appendagea  x200 

RBCBNT   LvCOPOS   MAOBOSPOItBII. 

„  21.     IiBttit  laevslrU,  hiao x  60 

„  22n.  Seiagintlla  eaulcsiXTu,  Spring,         .        .  x  60 

„  22b.  ,,  „  Portion  of  zone  of  another  individual, 

liighly  magoiiied  to  ahor  the  perToKtiong. 

„  S3.     SdagineUa  Martimni,  Spring,  .        .  n60 

,,  U.  „        haanaloda.  Spring,        ,        .  x60 

„  2G,     IiMtis  ethinoipora,  Duheo,      .        .         .  x  SO 

Ifolc. — My  thanks  are  dae  to  Hr  B,  Lindsay,  Royal  Botanic  Garden, 
EdinboTgh,  and  to  Ur  O.  Nicholson,  Royal  Botanic  Oatdena,  Kew,  for  kindly 
providing  me  with  [riiitiog  specimetis  of  Beuent  Lycopoda  for  the  purpose  of 
comparing  their  mocrosporea  with  these  foaails. 
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negatived  by  Captain  Macdoo&ld's  description  of  the  tower 
parte.^ 

Certkia  /amiliaria. — Resident  at  Skeabost,  where  I  have 
repeatedly  seen  the  Tree  creeper,  and  probably  of  general 
distribution.     Mr  Dumville  Lees  has  also  met  with  it, 

Traglodyta  parmdus. — Resident,  and  pretty  numerous. 
The  har»  upon  the  flanks  and  back  are  dnrker  and  more 
pronounced  in  Skye  wrena  tlian  in  wrens  from  southern 
Britain.  The  bill  and  feet  of  the  Skye  birds  appear  to  be 
a  trifle  stronger  tlian  in  English  Bjtecimens,  but  the  dilfereuce 
is  very  slight. 

MotacUla  lugubris. — Summer  visitant,  nestii^  sporadically 
in  cultivated  districts. 

MotacUla  melanope. — Summer  visitant,  but  not  nume- 
rous. A  brood  were  reared  near  Hamar  in  1885.  MrT. 
liobertson  has  observed  the  Grey  ^V£^;tail  at  Greshornish  in 
winter. 

AtUhus  frateitsis. — Summer  visitant :  the  commonest  small 
bird  on  the  hillside  in  the  nesting  season. 

ArUhug  obicuriis. — Resident,  nesting  on  the  Skinidia  and 
Colbost  islands,  and  also  at  Miloveig  and  Hamar.  In  the 
winter  of  1883-84  a  charming  Rock  Pipit  constantly  haunted 
our  precincts  at  Hamar,  flitting  about  the  outhouses  with  the 
fearleasnesa   of  a   Robin,    and   even   venturing  on   to   the 
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flontb  of  Skye.  Mr  MacdonaW,  Tormore,  informs  me  that  a 
pair  of  Goldiinchea  nested  in  bis  garden  in  Sleat  a  few  years 
sinoa 

Liijurinua  chloris. — ^Winter  visitant;  and  the  flocks,  which 
gather  round  farm  buildings,  linger  into  April,  but  I  have 
no  evidence  at  present  of  its  nesting  with  us. 

Passer  domesticus.—A.  common  resident,  breeding  at  Gres- 
homish,  Dnnvegan,  Waternish,  and  no  doubt  generally  dis- 
tributed; to  Hamar  it  was  a  regular  winter  visitant,  but 
remained  to  breed  with  us  numerously  in  1886. 

FringUla  eeelebs. — A  numerous  resident,  though  most 
abundant  in  winter,  when  large  flocks  of  both  sexes  appear. 
When  trees  are  scarce  the  Chaffinch  builds  near  the  ground, 
e-g.  (^ast  July),  a  nest  built  into  a  low  bush,  and  almost  on 
the  ground,  at  the  edge  of  a  low  cliff  above  Skinidin.  A 
male  st  Hamar  constantly  sang  from  a  low  grassy  knoll, 
though  his  nest  (like  those  of  two  other  pairs)  was  built  in 
the  fir  plantation  behind  the  house.  He  never  sang  ou  a 
gate  or  dyke,  but  always  on  terra  Jirma. 

Linota  cannahina. — Resident,  but  probably  scarce ;  at  all 
events  I  have  not  found  any  reference  to  it  in  my  notes, 
though  Mr  Lees  reports  its  presence  in  the  Broadford  district. 

Linota  ruftsctns. — Summer  visitant,  I  imt^ine ;  at  least  I 
have  only  seen  it  in  summer.  In  July  1884  I  watched  a 
pair  feeding  their  young  at  Greshornish.  la  July  188G  I 
saw  a  family  party  near  Dunvegau. 

lAnola  jUimrosiris. — Resident,  gathering  into  flocks  of  from 
a  dozen  to  more  than  a  hundred  birds  in  autumn,  and 
flocking  late  into  spring.  In  1883  I  saw  a  Hock  of  between 
twenty  and  thirty  feeding  on  some  rough  ground  on  May  2flth. 

Fjfrrhida  ewoptea. — Kesident  (?).  The  only  example  I 
have  seen  was  a  line  male  at  Greshornish,  April  1885,  but  it 
is  said  that  the  Bullfinch  breeds  generally  in  Sleat.  [The 
Bullfinch  occurs  through  the  wooded  parts  of  the  south-east 
of  Skye  or  Sleat,  though  Seebohm  appears  to  doubt  ita 
occurrence  at  all  in  the  Hebrides. — J.  A.  H.  B.] 

Umberiza    miliaria. — A    numerous   resident,   droning  ita 

'SoTB.—Fiaier  moiifaBu*.— In  July  188fl  1  mrrowty  oiaminod  this  apecioa 
*t  U)g,  ctoM  to  the  post.affice,     It  is  doobtlsaa  niBldent. 
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soDoroos  song  the  liveloBg  day  in  the  Hamar  fin,  as  veil  tt 
OQ  all  the  dykes  and  in  the  cornfields.  When  the  gloaming 
comes  it  is  pretty  to  see  the  Buntiaga  which  have  been 
scattered  over  the  fields  during  the  day  gathering  into  flocks 
and  wheeling  to  and  fro  in  Starling  fashion  prior  to  repairing 
to  roost  in  the  plantation,  I  have  twice  observed  individuAla 
in  Skye  which  were  slightly  pied. 

ETnberaa  citrineila. — A  plentiful  resident,  which  often 
omits  the  latter  part  of  its  song  in  Skye. 

£mieriza  gcAomielus. — Beeident,  and  not  ancommon,  in 
marshy  situations. 

PUetrophuTta  nivalis, — Winter  visitant;  observed  by  Mr 
Lees  and  occasionally  by  Captain  Macdonald.  An  interesting 
instance  of  the  well-known  trait  of  this  Bunting  in  perching 
came  under  my  notice,  December  Ist,  1883.  I  was  walking 
along  the  edge  of  the  fir  plantation  at  Hamar  when  the 
Suowflake's  familiar  twitter  caught  my  ear,  and  I  spied  a 
party  of  five  perching  on  the  upper  branches  of  a  fir.  On 
my  close  approach  the  birds  fiew  from  tree  to  tree  until  they 
reached  the  end  of  the  plantation,  when  they  rose  and 
departed  in  the  direction  of  Macleod's  Tables. 

Alauda  arvensia. — Summer  visitant,  nesting  chiefly  on  the 
vei^e  of  arable  land.    In  May,  begins  to  sing  at  1.30  A.M. 

Stumua  vylgaris. — Kesident,  nesting  in  crevices  of  the 


the  east  coast  of 


both  on  inlund  raoges  of  cUSs,  and  < 
Skye. 

Pica  rustica. — Casual  visitant  A  single  Magpie  was 
observed  at  Watemish  in  May  1882  by  Captain  Macdonald, 
who  had  not  seen  one  for  many  years  previous, 

Corvaa  mo7iedida. — Kesident,  bnt  scarce.  A  pair  nested  at 
Miloveig  in  18S2.    There  is  a  colony  at  Dunvegan. 

Corvaa  cototu. — Resident,  but  very  scarce.  Charles  Shaw, 
who  trapped  great  numbers  of  Carrion  Crows  on  a  shooting 
in  the  South  of  Scotland,  informs  me  that  he  has  met  with 
undoubted  Carrions  in  Duirinish — the  last  in  the  antumn  of 
1885.     Mr  Dixon  also  met  with  it. 

Comua  comix. — Resident;  and  though  an  expert  oologist, 
the  Hoodie  feeds  largely  on  fish  offal  and  fiotsam  or  jetsam. 
All  those  I  have  eiamined  in  Skye  have  been  pare  bred.  [In 
some  districts,  however,  it  has  become  almost  extinct  or  very 
scarce — as,  for  instance,  around  Bracadale  Manse,  where  the 
keepers  have  been  slaughtering  them  wholesale  for  years, — 
J.  A.  a  B.] 

C(n-mis  frugiligtis. — Resident,  and  increasing.  Two  fine 
Rookeries  exist  near  Dunvegan,  a  third  at  Skeabost,  a  fourth 
at  Greshoruish ;  they  would  nest,  if  permitted,  at  Lynedale 
and  Waternish.  The  Skeaboat  and  Greshomish  colonies  are 
not  of  twenty  years'  standing,  but  the  Book  must  be  au  old 
resident  in  Skye,  for  more  than  forty  years  ago  the  Rev.  J. 
llackinnon,  minister  of  Strath,  wrote: — "A  rook  with  white 
wings  has  been  observed  in  the  parish."  There  is  also  a 
Jiookery  at  Gesto,  in  the  Parish  of  Bracadale  {auct.  Rev,  John 
M'Lean) ;  another  at  Carhost ;  another  at  Herpur. 

Conms  coTox. — Besident ;  nesting  when  permitted  at 
Greshomish,  Waternish,  Galtrigill,  Miloveig,  Ramasaig, 
Lowergill,  generally  rearing  four  young  on  the  face  of  an 
overhanging  precipice.^  On  January  4th  last,  I  enjoyed  a 
good  view  of  a  Eaven  hotly  chevying  a  Hooded  Crow  across 
Dunvegan  Loch,  whence  he  returned  with  many  a  triumphant 

'  Ib  UliniBh  Macdouild  Itillad  tweoty -fire  Barens  between  November  189B 
»nd  July  1888.  Similar  niimWra  are  killed  in  some  yrars  on  tbe  Porlreo 
shooting.  Three  pairs  nested  in  aienilalD  iu  lS3fl,  oho  brooj  (Ijiug  nt  llio 
eud  ot  May,  the  olhen  later. 
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croftk  to  join  his  Bympathetic  mate  in  casting  to  nod  fro  in 
search  of  some  carrion  on  the  ridj,'e  of  Fasach. 

Cyptdxa  apus. — Casual  visitant,  occasionally  observed  by 
Captain  Macdonald,  by  myself,  and  Mr  J.  Mackenzie. 

Caprimvljus  e«rop<rus. — Summer  visitant  to  the  south  of 
Sitye ;  apparently  absent  from  Duirinish. 

Akedo  ittpida. — Casual  visitant,  according  to  Mr  R  Gray ; 
but  it  has  not  occurred  of  late  years, 

Guculue  ainorvs. — Summer  visitant;  most  obstreperous  in 
the  gloaming,  when  the  challengo  of  the  males  to  the 
"  whittling  "  female  awakes  the  remonstrances  of  the  sleepy 
thrushes.  In  1882  I  observed  a  cuckoo  regularly  tired  out 
by  its  long  paast^^e ;  it  spent  most  of  two  days  (May  3d  and 
4th)  resting  on  a  low  stake,  and  seemed  to  be  recruiting, 

Strix  Jlaminea. — Resident ;  no  doubt  nesting  among  the 
rocks  at  Miloveig  and  elsewhere,  as  it  does  in  Eigg.  Mr  T. 
Robertson  saw  one  at  Skeabost  in  the  spring  of  1883,  and 
three  were  obtained  at  Waternish  in  the  spring  of  1884. 
Captain  Macdonald  has  observed  it  on  other  occasions,  and 
Macleay  has  received  examples  from  Skye. 

Asia  otus. — liesident ;  breeding  in  the  Dunvegan  woods, 
whence  it  strays  to  Waternish  occasionally.  Macleay  has 
received  specimens  from  other  parta  of  Skye.  Not  uncommon 
about  Bracadale.     Breeds  near  the  Ulinish  shooting  lodge. 
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informs  me  that  in  1873  lie  knew  of  five  nests  of  the  Harrier, 
and  killed  twenty-five  birds,  old  and  young.  He  did  not 
meet  with  the  species  again  until  1883,  when  he  trapped  a 
hen  bird  at  her  nest.  I  observed  a  Harrier  the  same  year 
on  Waterstein,  A  male  in  adult  dreaa  is  preserved  at 
Greah  Ornish. 

BiUeo  vulgaris. — Resident  in  the  centre  of  Skye,  but  only 
a  casual  visitant  now  to  Dairiniah.  Captain  Cameron  tells 
me  that  two  pairs  used  to  breed  at  Tallisker.  I  had  a  Ene 
hird,  in  its  second  year,  from  Eigg  in  1885. 

Archibiiieo  vulgaris. — Casual  visitant.  Captain  Macdonald 
informs  me  that  two  or  three  have  been  obtained  at  Armadale. 

Aquila  chrysaetos. — A  casual  visitant  to  Duirinish,  where 
a  few  years  since  a  fine  bird  was  captured  by  a  sheep  dog 
whilst  fighting  on  the  ground  with  another  Eagle.  Maclean, 
the  lad  who  caught  it,  and  who  is  now  in  the  Falkland  Isles, 
described  its  capture  to  me.  He  sent  it  to  Mr  H.  Parsons 
of  O^cford,  from  whom  I  learn  that  it  is  still  flourishing  in 
captivity.  Sheriff  Spiers  has  a  Skye  specimen,  and  Mr 
Spence  Bower  occasionally  observes  the  Golden  Eagle  in 
Strath,  Formerly  a  pair  nested  on  Loch  Coruisk  as  Captain 
Macleod  and  Captain  Cameron  inform  me,  and  the  latter 
gentleman  sent  full  details  to  Mr  E.  Gray,  adding  that  of  65 
Eagles  killed  in  Skye  only  three  were  Golden  Eagles. 
Harvie-Brown  in  June  1833  picked  up  a  wing  feather  of  a 
Golden  Eagle  on  the  strand  of  Loch  Coruisk,  which  had 
apparently  quite  recently  been  dropped.  Mr  Dixon  states 
(Seebohni,  "  B.  B.,"  vol.  i.,  p.  101),  that  in  1881  he  visited  a  nest 
of  this  species  on  the  west  coast  of  Skye,  and  tweuty-fonr 
miles  from  Portree,  the  breeding  female  having  been  cap- 
tured the  previous  day. 

Halicuius cdbieUla. — Eesident;  a  pair  or  two  still  breeding 
in  the  south  and  west  of  Skye.  Captain  Macleod  once 
descended  to  an  eyrie  on  the  south  coast  of  Skye.  Until 
the  last  few  years  a  pair  generally  nested  at  Dunvegau 
Head,  and  two  Eaglets  which  Captain  Macdonald  took  from 
this  nest  became  his  famihar  companions,  descending  from  a 
gi'eat  elevation  to  join  him  on  his  walks,  answering  his 
whistle,  and  retrieving  the  game  he  shot  for  their  own  larder. 
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In  August  1879  k  single  ueBtling  woa  shot  oatof  the  nest 
by  Mr  H.  Parsons,  juD.  The  neat,  which  I  have  visited, 
was  placed  on  a  pillar  of  rock,  and  easily  approached  by  a 
long  sheep  track ;  but  the  shoulder  of  the  pillar  defied  ascent, 
and  Bs  the  nest  could  not  be  reached  from  above,  the 
feathered  nestling  was  shot  In  1881  the  old  birds  bred 
about  baU  a  mile  further  north,  but  I  do  not  think  that  they 
bred  there  for  the  last  two  seasons,  and  I  doubt  if  they  bred 
there  in  1883.  Formerly  tliere  was  an  eyrie  of  this  Eagle 
on  tlie  Ascrib  Isles ;  and  the  precipices  of  Miloveig  and  those 
of  Waterstein  always  held  a  pair  within  the  recollection  of 
living  men.  At  present  they  are  decidedly  scarce,  and  only 
very  few  eyries  are  inhabited. 

Axtur  palumbarius. — Accidental  visitant.  Captain  Mac- 
dooald  shot  a  Goshawk  in  the  month  of  March,  he  believes, 
in  1870.  It  was  resting  on  a  rock  at  the  side  of  a  loch. 
On  dissection  he  found  that  it  contained  a  number  of  lizards. 

Accipiter  nitus. — Resident  at  Punvcgan,  but  decidedly  a 
scarce  bird.    Bred  at  Dunvegan  in  1885. 

Mitvus  ictinus. — Resident  in  the  south  of  Skye,  as  I  learn 
from  Mr  Lance  Bower,  but  nearly  extirpated.  Mr  Dixon 
Btfltea  that  he  found  a  kite  nailed  up  by  a  keeper  in  1881 
(Seebohm,  "  B.  B.,"  i.,  p.  75). 

candieang. — Accidental     viBitant.       A    Grconland 
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Falco  asalon. — Resident,  generally  distributed,  Lut  not 
very  plentiful,  though  I  know  of  two  localities  where  tlie 
Merlin  breeds  every  year.  From  one  of  these,  in  a  wild 
glen,  overshadowed  by  one  of  Macleod's  Tables,  I  took  the 
young  in  feather  on  June  28tli  in  1884,  but  we  always 
endeavour  to  spare  the  old  ones,  and  I  only  know  of  one 
trapped  on  the  property  in  the  last  four  years.  In  1885  we 
found  the  young  strong  winged  on  July  13,  and  examined 
their  dissecting  table,  a  huge  slab  of  grey  rock,  festooned 
with  moss  and  yeUow  lichen,  the  moss  torn  by  the  claws  of 
the  Merlins,  and  befouled  by  their  rejecta  and  the  feathers 
of  their  quarry — Meadow  Pipits  and  Wheatears.' 

Tinniinaiius  alaudarius. — Resident,  nesting  about  Dun- 
vegau  Head.  I  have  observed  its  presence  in  mid-winter. 
In  May  1883  I  took  a  Kestrel  out  of  a  trap  on  Waterstein, 
which  Mr  0.  V.  Apliu  recorded  as  "  a  fairly  old  male,  with 
bluish  head  and  tail ;  this  colour  was  very  pale,  and  the  red 
of  the  body  was  really  more  of  a  yellowish  brown,  and 
presented  a  most  washed  out  appearance"  {ZooL,  1884, 
p.  68). 

Pandion  htdiattua. — Caaual  visitant.  An  Osprey,  shot  on 
Loch  Bracadale  in  May  1878,  is  preserved  at  Dunvegau 
Castle. 

PhalacrocoTox  earho. — Resident,  nesting  sparingly  on  our 
coasts.  "  On  the  south  side  Loch  Portry,"  says  Martin, 
"  there  la  a  large  Cave,  in  which  many  Sea  Cormorants 
do  build :  the  Natives  carry  a  bundle  of  Straw  to  the  door 
of  the  Cave  in  the  Night-time,  and  then  setting  it  on  fire, 
tlie  Fowls  fly  with  all  speed  to  the  Light,  and  so  are  caught 
in  Baskets  laid  for  that  purpose." 

Pkalacrocorax  graculus. — Resident,  nesting  about  Lower- 
giU  and  at  the  Aacribs.  Immature  Shags  haunt  our  rocks 
all  the  year  round.  "  A  Cormorant,"  says  Martin,  "  which 
has  any  white  Feathers  or  Down,  makes  good  Hroth." 

Svla  baasana. — Summer  visitant,  stragglers  appearing  on 
Loch  Dunvegan  at  the  beginning  of  April,  and  knocking 
about  the  Minch  the  summer  long.     A  bird  of  the  year  at 

'  III  1886  t*o  pnira  rif  Merlina  nested  with  ua  ;  one  nest  coiilamQd  a  plucked 
ChafUiicli.     Another  poir  tried  to  bro«d  in  Ulinish,  but  were  trnppod. 
VOL.  IX.  I 


130  Froceidinga  o/ilte  Royal  Phijtifal  Socuty. 

the  Zoological  Gardeua  at  present  coiisuineB  eight  whitings 
per  diem. 

Ardea  cinerm. — Resident,  a  iine  heroory  existing  in  a  wild  . 
glen  about  a  mile  north  of  Dunvegan.  There  ate  one  or  two 
more  heronries  in  the  south  of  Skye.  No  doubt,  before  trees 
were  planted,  the  Herons  bred  among  the  rocks,  as  a  pair  or 
two  still  do  on  the  west  side  of  Eigg.  Martin  observes  of 
this  species — "  I  have  seen  sixty  on  the  shore  in  a  Flock 
together." 

Botaurug  atcllarit. — Kare  casual  visitant,  a  single  Bittern, 
in  the  possession  of  Captain  Macdouald,  and  shot  at  Skea- 
host,  being,  no  doubt,  the  identical  specimen  mentioned  by 
Mr  R  Gray  as  shot  in  Skye  in  May  18(i7 — probably  on  in- 
formation supplied  by  the  lato  l>r  Dewar,  who  was  a  mutual 
friend  of  Captain  Macdonald  and  Mr  It.  Gmy. 

Anser  einereus. — Winter  visitant,  obsened  in  the  vicinity 
of  Loch  Waterstein  every  November,  Possibly  the  Grey 
Lag  still  breeds  in  Skye,  for  I  learn  from  Mrs  H.  Macdonald 
that  she  recollects  a  shepherd  of  her  father's  in  Strath  bring- 
ing home  from  the  hill  a  sitting  of  Wild  Goose  eggs,  which 
were  duly  hatched  out.  Captain  Macdouald  infoniis  me  that 
the  Grey  Lag  Goose  bred  on  the  Ascribs  until  1867,  and 
would  do  so  still  if  unmolested,  even  now  visiting  the  old 
haunts  in  spring.     Two  line  birds,  reared  from   Uiat  eg^ 
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CyyjMis  musicus. — Winter  visitant,  occasionally  observed  by 
Captain  Macdouald.  The  Eev.  R.  Macgregor  states : — 
"  Until  St  Columba's  Lake  [in  North  Skye]  was  drained 
[1829],  it  was  yearly  frequented  by  large  flocks  of  Swans, 
which  appeared  on  October  25th,  and  remained  fiVe  months" 
(New  Stat.  Acct.,  vol  xiv.,  p.  250). 

Tadoma  comuta. — Mr  E.  Gray  states  that  the  Sheldrake 
is  numerous  in  Skye,  but  it  is  certainly  uncommon  on  the 
N.W.  coast,  though  a  pair  or  two  often  neat  on  Eilon  Isay. 
Shaw  saw  a  party  of  Sheldrakes  at  the  mouth  of  the  Sk'ioi- 
din  river,  Dec.  1885.  (I  have  seen  it  repeatedly  in  Eigg,  but 
not  in  Skye.)  They  are,  however,  common  in  N.  Uist,  across 
the  Little  Minch.     One  shot  near  Struan,  winter  1885-86. 

Aims  hosckaa. — Resident,  nesting  about  the  lochs  inland. 
I  found  a  very  pretty  nest,  one  year,  on  the  Colbost  island. 
The  number  of  residents  does  not  seem  to  receive  any  addi- 
tion in  winter,  and  Baron  Gudin,  who  is  a  great  Duck- 
shooter,  expressed  surprise  at  the  comparatively  small  quan- 
tity of  Mallard  on  the  Drytioch  shootings. 

Qutrquedula  crecea. — Winter  visitant,  less  plentiful  of  late 
years.     The  Teal  nests  on  Eilon  laay  and  in  Ulinish. 

Mareca  penelupt. — Winter  visitant,  but  in  comparatively 
scanty  numbers.  My  latest  spring  date  lor  the  presence  of 
this  species  is  April  19th,  [Widgeon  frequent  Kinloch  Ilar- 
jiort  during  the  season  {auet.  Rev,  J.  M'Lean). — J.  A.  H.  B.] 

Clangula  glaueion. — Winter  visitant,  stragglers  turning  up 
occasionally.  Captain  Macdonald  shot  a  young  drake  on  a 
freah-water  loch  in  1884,  but  considers  it  scarce  in  Skye, 
though  numerous  on  the  other  side  of  the  Minch.  ("  Young 
bird" — i.e.,  bird  of  the  year.)' 

.ffarc/rftt///acia/is.— Winter  visitant — Mr  Gray  says  in  large 
numbers.  Captain  Macdonald  has  a  young  female,  which  he 
shot  out  of  a  small  party.  Captain  Cameron  has  seen  it  on 
Loch  Bracadale. 

SomaUria  molliasima-. — Winter  visitant  of  irregular  occur- 
rence. A  small  party  wintered  on  Dunvegan  Loch  in 
1885-86.  Two  pairs  nested  on  the  Aacribs  in  1884,  but 
inted  Luth  Woteralciii  iu  the  spring  of 
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the  Uig  fishennec  robbed  the  nesta.  [Thirty  years  ago 
the  Eider  was  confined  to  the  weat  coast  of  Uist  It  has 
now  made  its  way  to  the  Sound  of  Harris,  and  all  along  the 
east  or  Minch  side  of  the  same  island,  and  has  been  spread- 
ing and  increasing  steadily  of  late  years,  both  on  salt-water 
and  fresh-water  islands. — J,  A.  H.  B.] 

Mergus  merganser. — Winter  visitant,  the  stories  of  its  nest- 
ing being  unsatisfactory.  Captain  Macdonald  has  a  fine 
adult  Drake,  shot  by  a  keeper  on  Loch  Bracadale  some  years 
ago.'    Mr  Dumville  Lees  has  also  met  with  it. 

Mergut  serrator. — Resident ;  and  having  aObrded  me  many 
opportunities  of  close  study,  I  venture  to  forego  my  rule  of 
brevity,  and  to  give  lengthened  details  of  its  habits. 

It  is  on  islands  in  Dunvegan  Loch,  off  Watemish,  and  on 
Loch  Greahomish,  that  the  Merganser  chiefly  nestles,  though 
a  pair  generally  tenant  a  cairn  at  Leinish,  on  the  "  mainland  " 
of  Skye,  and  another  pair  nested  on  the  "mainland"  at 
Greshomisb  in  1885.  I  have  found  the  nest  placed  in  a 
slight  cavity  surrounded  by  tall  heather,  and  also  placed  in  a 
rabbit-hole ;  but  the  usual  situation  is  the  interior  of  a  cairn 
among  the  rocks,  screened  from  view  by  large  tufts  of  lady- 
fern.    The  centre  of  a  patch  of  bracken  is  sometimes  preferred. 

The  nest  lining  is  scanty,  and  consists  of  &  few  pieces  of 


Tlie  Birds  of  Skiji:. 


133 


loent,  the  female  sita  very  closely,  and  only  quits  the  nest 
most  reluctantly.     The  male  is  generally  in  the  vicinity, 

During  winter,  the  Mergansers  of  the  year  are  gregarious  ; 
but  the  old  males  are  often  solitary,  and  may  frequently  be 
observed  diving  alone  in  some  favourite  bay,  or  skimming 
rapidly  over  the  water,  exhibiting  a  large  extent  of  white  in 
the  wing.  But  though,  when  alarmed,  or  desirous  of  shifting 
quarters.  Mergansers  generally  rise  low  on  the  wing,  soon 
dropping  again ;  yet  in  early  spring  they  are  fond  of  "  flight- 
ing "  in  the  evening,  nine  or  ten  birds  flying  together  at  a 
respectable  height.  Breeding  couples  are  paired  by  the 
middle  of  April,  and  it  is  entertaining  to  watch  the  move- 
ments of  a  rejected  suitor,  following  bashfully  in  the  rear  of 
the  fair  one  whose  favour  he  has  failed  to  secure;  on  such 
occasions  the  paired  drake  constantly  contrives  to  interpose 
between  the  forlorn  bachelor  and  his  lady-love.  Even  in  the 
breeding  season  the  Mei^anser  is  a  shy  species ;  and  though 
they  often  swim  into  the  shelter  of  rocks,  so  that  one  can  lie 
in  wait  for  them,  yet  I  have  not  yet  seen  a  Mci^anser  escape 
by  diving.  On  Dunvegan  Loch  they  always  rise,  if  alarmed, 
upon  the  wing,  though  they  generally  drop  into  the  sea  again 
before  they  have  flown  very  far.  Neither  have  I  seen  them 
circle  round  a  boat;  they  prefer  to  go  off  in  a  nearly  straight 
line,  calculating  their  distance.  They  are  fond  of  feeding  in 
the  shallows  at  the  mouths  of  bums.  At  the  mouth  of  the 
Greshoruish  river  an  old  male  may  often  be  seen  feeding — 
not  diving  (the  water  is  too  shallow),  but  feeding  stern  upper- 
most. Only  once  have  I  happened  to  see  the  Merganser 
tishore,  when  not  nesting ;  in  this  instance  we  surprised  a 
pair  one  afternoon  which  were  resting  ashore  on  some  tangle- 
covered  rocks  on  the  east  side  of  Dunvegan  Loch.  A  bird  of 
the  year  has  been  living,  to  my  knowledge,  for  three  months 
in  a  coop  in  Leadenhall,  and  the  poor  captive  seems  to  thrive 
amazingly  well  upon  his  straw  litter. 

The  fact  that  the  Merganser  does  not  increase  in  numbers 
on  Dunvegan  Loch  is  probably  due  to  the  fact  that  tJie 
tenants  often  take  the  eggs  when  gathering  whelks;  but 
Captain  Macdonald  informs  uie  that  Laras  marinus  is  a  dire 
foe  to  the  downy  young. 
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A  downy  neatliDg,  obtained  on  Dunvegan  Loch  at  the 
beginning  of  August,  measured  7  J  inches.  The  upper  parte 
were  chocolate,  fringed  on  the  neck  with  reddish ;  wings 
dark  brown,  edgnd  with  buffieh ;  a  whit«  spot  on  the  flank, 
and  another  behind  the  thigh ;  lower  parts  huffy- white ;  bill 
reddish-brown ;  unguis  and  tip  of  lower  mandible  pink ;  tarsi, 
in  front  olite,  beliind  blackish ;  webs  nearly  black.  In  all 
the  immature  birds  examined  by  me,  the  tarsi  have  been  red 
or  orange.  It  would  appear  that  the  change  in  the  colour  of 
these  parts  from  olive  and  black  to  orange  takes  place  during 
the  first  few  weeks  of  life. 

Columba  palumbviS. — Resident,  but  not  numerous.  I  saw 
a  pair  at  ITiginish  last  April,  and  five  at  Bunvegan  last 
December.  Captain  Macleod  and  Captain  Macdonald- con- 
sider it  ratlier  scarce.  Mr  Dumville  Lees  has  met 
with  it. 

Columha  livia. — Resident,  though  perhaps  decreasing,  owing 
to  cattle  being  fed  more  indoors  in  winter  than  formerly. 
The  birds  of  our  caves  breed  always  irm  to  colour.  In  1882, 
I  found  nestlings  in  nido  on  June  lat,  but  saw  fair  fliers  on 
June  17th.     Those  I  have  opened  were  crammed  with  oats. 

Phasianus  cotchitms. — Resident  and  numerous  at  Lynedale, 
as  also  Waternish,  the  birds  of  the  latter  colony  having  been 
introduced  fyoni  Ras 
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Baroii  Gudin  secured  black  game  on  tte  Drynoch  shootings 
ia  1883,  but  seemed  to  think  it  scarce. 

Saliva  aqiiaticus. — Mr  E,  Gray  states  ("  B.  of  W.  of  S.,"  p. 
334),  that  he  formerly  received  examples  from  Skye. 

Crex 'prateiiMa. — Summer  visitant,  arriving  before  our  late 
herbage  is  long  enough  to  conceal  its  lythe  form,  and  there- 
fore affording  us  opportunities  of  watching  its  "  craking,"  as 
it  rapidly  twists  its  neck  from  side  to  side.  The  pair  which 
nest  annually  in  the  walled-garden  at  Hamar,  generally  lead 
their  brood  out  to  fresh  pastures  through  an  open  door. 
One  day  the  old  female  miscalculated,  and  triumphantly  led 
her  brood  into  the  kitchen. 

Gallinula  diloropiis. — Is  included  in  the  New  Statistical 
Account  as  resident  in  the  south  of  Skye.  Mr  Lees  reports  its 
presence  in  the  Broadford  district 

Fidka  atra. — Resident  (?).  A  pair  appeared  one  year  at 
Loch  Waterstein,  and  perhaps  bred  there.  A  Coot  was  shot 
at  Greshornisb,  December  1885,  perhaps  a  straggler  from  N. 
Uist. 

CKaradrivs  pluvialis. — Eeaident,  breeding  numerously  on 
our  braes  and  broken  ground.  An  old  bird,  which  I  shot  in 
July  1884,  had  white  primaries. 

^giatcUis  hiaticida. — Resident,  a  few  pairs  nesting  on  a 
sandy  shore  near  Ardmore  (as  they  do  in  Eigg,  where  I  have 
found  several  nests).  Shaw  shot  two  rather  large  birds  out 
of  a  small  flock,  on  Loch  Dunvegan,  January  1886, 

Vanrllvs  milyiiris. — Summer  visitant,  numbers  breeding  at 
Waternish,  and  a  few  at  Skeabost,  departing  south  in  early 
autumn.  I  once  saw  a  single  Peewit  on  a  rock  at  Loch 
Pooltiel,  the  last  place  I  shoidd  have  expected. 

Strepsilas  interpres. — Periodical  visitant,  chiefly  observed 
by  Captain  Macdonald  on  the  Ascribs  during  the  vernal 
migration;  noticed  also  by  Messrs  T.  Robertson  and  Uumville 
Lees.  [Harvie-Brown  found  a  pair  in  full  breeding  plumage 
on  the  outermost  Ascrib  Island,  but  feels  sure  they  had  no  eggs 
or  young.'     This  was  on  the  19lh  June  1885, — J.  A.  H.  B.] 


'  On  SdJiiIy  1889  1  ( 
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HwnuUojma  odraltgus. — Eesident,  nesting  on  low  islands, 
leas  frequently  on  precipitous  stacks.  I  have  only  once 
found/owr  e^s  in  a  clutch  in  Skye,  i.e.,  in  May  1883,  on  a 
Skinidin  Island. 

When  visiting  the  Ascribs  with  Captain  Macdonald.at  the 
end  of  June  1884,  we  captured  some  Oyster  Catchers,  which 
were  loth  to  run,  insisting  on  attempting  to  conceal  them- 
selves by  squatting  in  the  rough  herbage.  We  placed  one 
of  them  in  a  luncheon  basket.  At  first  we  fed  it  on  limpets, 
and  when  these  ran  short,  earthworms  were  tried.  At  first 
it  declined  to  pick  np,  but  hunger  on  the  third  day  induced 
it  to  feed  itself;  at  breakfast  that  day  he  bolted  eight  worms 
(10  A.M.) ;  at  2  P.M.,  eleven;  at  7.30  p.m.,  thirteen;  sometimes 
he  seized  two  at  once,  and  the  more  the  worm  objected,  the 
keener  grew  ostreUeffos  to  try  Iiis  flavour.  After  supper  that 
evening,  he  plunged  incontinently  into  a  box  of  Puflln 
e^s,  thence  dropping  on  to  the  floor.  There  arrived,  the 
grate  suggested  itself  as  a  cave  of  Adullam,  but  he  so  often 
came  to  grief  over  the  fire-irons,  that  he  began  to  dislike 
that  part  of  the  room.  "  As  I  write,"  says  my  diary,  "  I  hear 
his  low  reproachful  whistle." 

Fhalaropvs  hyperborevs. — Casual  visitant  Mr  R.  Gray 
states  that  he  obtained  a  specimen  in  breeding  dress  from 
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cUlinafjo  ccelcstis. — Eesident,  nesting  on  Waterstein  and  in 
ether  suitable  situations.  In  1885  I  observed  the  Snipe 
"  bleating  "  on  July  13  ;  presumably  the  birds  were  nesting 
for  the  second  time. 

Gallinago  gallinula. — Winter  visitant,  but  Captain  Mac- 
donald  considers  that  the  species  has  become  scarce  latterly. 
A  Jack  Snipe  was  shot  near  Hamar  in  August  1S84. 

Trin^  alpina. — Casual  visitant ;  al  least  I  have  only  once 
seen  the  Dunlin  in  Slcye.  Mr  Dumville  Lees  and  Captain 
Macdonald  have  both  met  with  it. 

Tringa  striata. — Periodical  visitant,  observed  by  Captain 
Macdonald  every  year  on  the  Ascribs  in  May,  but  not  later. 
In  188.3  I  observed  a  pair  dn  an  island  in  Dunvegan  Loch  on 
May  16th,  evidently  on  passage,  Mr  T.  Robertson  shot  one 
in  winter. 

Tringa  canutua. — Casual  visitant.  To  my  surprise  I  found 
a  party  of  about  twenty  Knots  in  grey  winter  dress  haunting 
the  shores  of  Dunvegan  Loch,  wherever  they  could  find  a  little 
mud,  t.g.,  at  the  mouth  of  the  Skinidin  bum,  in  January 


Totanus  hypoleticos. — Summer  visitant,  a  few  pairs  nesting 
on  all  the  lochs  and  bum  sides.  In  1S83  a  clutch  of  eggs  was 
brought  to  me  from  Colbost  in  May.  In  1884  we  observed 
Tiewly  fledged  birds  in  the  middle  of  June, 

Totanus  calidrie. — Winter  visitant  to  Duirinish;  I  have  ob- 
served odd  birds  t?i  summer  in  Skye.  Captain  Macdonald  finds 
it  very  troublesome  when  he  is  stalking  seals.  Mr  Dumville 
Lees  has  kindly  indicated  a  breeding  station  near  Broadford, 

Totanus  eanescens. — Summer  visitant,  nesting,  as  recorded 
by  Mr  E.  Gray,  near  Sligacban,  where  eggs  have  been  taken 
by  Angus  Nicholson  and  Mr  Eosa,  and  where  Mr  Seebobm, 
jun.,  obtained  downy  young  (Seebohm,  "  B.  B.,"  vol.  iii.). 
Mr  Dumville  Lees  shot  a  Greenshank  near  Broadford, 
October  1885.  It  is  on  the  whole  a  rare  bird  in  Skye,  and 
I  hope  ornithologists  will  not  come  to  Skye  in  search  of  it. 

Numeniris  phfeopus. — Periodical  visitant,  numerous  on  sea 
lochs  in  May.  Mr  Dumville  Lees  writes: — "In  October 
last  (1885)  I  saw  a  Whimhrel  off  the  Irishman's  point  near 
Broadford." 
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Nuvunivx  arquata. — A  Domeroaa  resident,  nesting  near 
Portree  and  Skeabost,  and  I  suspect  also.at  Leiuish. 

Sterna  macrwra. — Summer  visitant,  the  predominatiDg 
species,  I  believe,  at  the  Ascribe,  but  less  numerous  probably 
than  the  Common  Tern  on  Donregan  Loch.'  In  1884  I  shot 
some  in  two  localities,  and  obtained  an  equal  number  of  each 
species;  but  in  1885  the  Common  Tern  seemed  to  have  nearly 
driven  off  the  Arctic  irom  Dunvegan  Loch;  so  too  in  1886. 

Sterna  flumatUit. — Summer  visitant,  nesting  on  islands  on 
the  south  coast  of  Skye,  as  well  as  on  the  north-west  The 
eggs  are  generally  laid  in  a  pretty  substantial  nest  of  dried 
bents  in  low  heather  or  in  a  tuft  of  sea  pinks,  but  some  are 
deposited  on  the  bare  rock,  or  on  a  handful  of  dried  sea  ware. 
On  July  14, 1885,  I  found  a  single  nest  in  a  situation  new  to 
me,  i.e.,  in  the  centre  of  a  strip  of  rvshi/  ground.  Most  nests 
contain  three  eggs  or  young  when  laying  has  succeeded. 

Larua  miHuius. — Accidental  visitant  Captain  Cameron 
told  me  that  he  shot  a  little  Gull,  recorded  by  Mr  K.  Gray, 
in  1865. 

Larus  eanws. — Resident,  nesting  on  the  Ascribs  and  islands 
in  Dunvegan  Loch. 

Zarua  argentattu. — Besident,  many  pairs  nesting  on  the 
broken  precipices  of  Waterstein,  and  great  nnmbera  at  Lower- 
A  few  breed  on  the  islands  in  DupveKaii  Ix)cli. 
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eyfl  to  be  of  a  creamy  white,  but  my  binoculara  revealed  the 
mottled  wing  coverts. 

We  landed,  hoping  to  Btalk  it;  but  the  whole  company  of 
Gulls  rose  again,  and  returned  to  the  troopship,  the  Glaucous 
being  again  one  of  the  last  to  rise,  and  departing  leisurely, 
with  alow,  regular  beats  of  the  wing.  It  was  shot  by  Shaw 
the  same  afternoon. 

On  July  10th,  1S85,  Shaw  observed  a  similar  Glaucous  in 
Loch  Pooltiel,  but  tried  in  vain  to  get  a  shot.  He  volunteered 
that  it  closely  resembled  the  April  bird,  but  was  of  a  purer 
cream  colour.  We  searched  for  it  subsequently,  but  it  had 
disappeared.  In  the  following  December  two  more  immtiture 
birds  haunted  Dunvegan  Loch,  and  the  smaller  bird  was  shot 
by  Shaw.'  On  dissection,  it  proved  to  be  a  female,  the 
stomach  distended  by  the  remains  of  small  fish.  A  fine 
immature  Glaucous  Gull,  which  I  have  examined  in  the 
possession  of  Mr  F.  P.  Johnson  of  Castlesteads,  Brampton, 
Cumberland,  was  shot  by  that  gentleman  on  Loch  Bracadale 
in  the  winter  of  1881-82,  when  "following  the  carcase  of  a 
dead  cow."  A  similar  but  larger  specimen  was  obtained  at  the 
same  time  and  place.  Captain  Macdonald  informs  me  that 
though  he  baa  met  with  the  Glaucous  Gull  in  Skye  ou  several 
occasions,  he  considers  that  it  is  a  very  infrequent  winter 
visitant.  He  observed  a  single  bird  at  Waternish  in  the 
winter  of  1881-82,  and  shot  another  at  Stein  in  February 
1886.     Mr  Dumville  Lees  has  never  met  with  it  in  Skye. 

I  did  not  hear  the  April  bird  utter  any  cry ;  but  that  of  a 
pinioned  bird  at  the  Zoological  Gardens  may  be  described  as 
a  deep  monosyllabic  "barb,"  strikingly  unlike  the  shriller 
cries  of  other  Zarida. 

Tha  irUies  of  this  bird,  an  adult,  are  pale  yellow ;  those  of 
the  April  bird  being  dark  brown,  and  those  of  the  December 
bird  dark  blue,  TaTsi,  toes,  and  webs  are  pale  flesh-colour  in 
all  three  specimens. 

Zariis  le-umplerjis.- — Casual  visitant  of  rare  occurrence. 
When  driving  to  Hamar,  November  29,  1883,  we  obtained  a 

'  A  UrgD  imrDatura  bird  w&s  shot  at  MiWeig,  Slat  Marcb  ISBfl,  am]  prnved 
to  have  tipon  fretting  on  oats.  OlUure  vere  eeca  at  tinltrigill,  and  a  ]>[itty 
winlewd  in  tlio  Sounii  of  Harris  [file  SlierilT  Weba[«r). 
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fine  view  of  od  adult  Iceland  Gull  in  a  potato  field,  but  not 
having  a  gun  with  us,  could  not  secure  the  specimen.  Mr 
F.  Johnson  shot  one  on  Loch  Bracadale  in  the  winter  of 
1881-82,  and  Captain  Macdonald  has  also  met  with  it. 

Ritaa  tridactyla. — Besident;  numbers  nidificating  at  a 
large  station  at  Greshomish,  others  near  Waternish,  and 
many  more  at  Eiste.  In  1885,  the  fishermen  pointed  out 
to  me  a  nest  on  which  a  Kittiwake  was  still  sitting,  on 
July  16th,  adding  that  they  had  watched  this  solitary  bird 
for  three  weeks  without  seeing  her  leave  her  charge. 

Sttrcorariut  crepidatiis. — Irregular  autumnal  visitant,  ob- 
served by  Captain  Macdonald  and  Mr  Dumville  Lees.  Mr 
H.  Macdonald  also  described  to  me  the  movements  of  a  pair 
which  he  had  observed  at  Portree  plundering  the  Gulls.  (I 
have  aeeniit  at  Strome  Ferry.) 

Procdlaria  pelagica. — Summer  visitant,  nesting  sparingly 
on  one  Ascrib  Islet,  where  it  is  decreasing,  owing  to  the  in- 
crease of  Puffins,  which  take  possession  of  its  burrows,  and 
sometimes  kill  the  proper  owner.  The  one  white  egg  is 
placed  at  the  extremity  of  the  burrow,  and  is  incubated  by 
one  bird  at  a  time,  the  other  remaining  at  sea  during  the 
day.  A  few  dry  straws  form  the  nest  lining.  In  1884,  I 
took  an  egg  on  June  26th,  which  was  quite  fresh ;  the  birds 
being  special  favourites  of  my  host.  Car't.ain  Maciionald.  t 
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early  autumn,  thougli  I  have  reason  to  believe  that  there  are 
one  or  two  nesting  stations  on  the  west  coast  of  Skye.  The 
evidence  hereon  is  still  incomplete,  but  I  have  repeatedly 
observed  them  under  suspicious  circnmatances. 

iVj^nws  major. — On  July  13th,  1885,  I  found-  a  dead 
specimen  lying  upon  a  heap  of  torn  seaware  among  the  rocks 
at  Lowergill.  All  night  long  we  had  searched  for  the  Manx 
Shearwater,  but  to  no  purpose.  When  day  began  to  break, 
this  interesting  waif  was  descried  upon  the  shore.  Pro- 
bably it  had  perished  in  the  Minch,  and  had  been  blown  ashore 
by  a  N.-W.  gale  on  July  11th.  The  neck  was  so  much 
torn,  that  it  seemed  best  to  macerate  the  specimen ;  and 
having  no  books  of  reference  at  hand  (except  the  keeper's 
copy  of  John's  "Britiali  Birds,"  with  the  woodcut  of  which  the 
Bpecimen  agreed),  I  minutely  compared  the  bird  with  two 
fresh  akins  of  Pnffinva  anglorum,  and  took  the  following 
description  of  P.  major  : — bill,  grey ;  lower  mandible,  paler  ; 
tarsi,  2.4 ;  central  toe,  2.9 ;  colour  of  tarsi,  toes  and  webs, 
pinkish  white,  a  dark  band  shooting  along  the  outer  surface  of 
tarsi  and  outer  toes,  and  slightly  mottling  the  weba ;  interior 
of  month,  pale  grey;  first  primary,  slightly  exceeding 
second;  wing  measurement,  exactly  13  inches.  The  demar- 
cation between  the  dark-brown  upper  surface,  and  the  white 
neck  and  lower  parts,  was  very  striking. 

Alca  tarda. — Summer  visitant,  great  numbers  breeding  on 
the  ledges  from  Lowergill  to  Ramasaig. 

Lomvia  troile. — Summer  visitant,  approaching  our  coast 
in  small  numbers  at  the  beginning  of  April,  and  breeding  at 
Lowergill  in  denser  throngs  than  A.  i&rda}  In  April  1885, 
I  observed  an  individual  on  Dunvegan  Loch,  in  which 
the  upper  parts  were  of  a  uniform  cream  or  duu  colour ;  and 
in  the  following  July,  I  again  saw  a  cream-coloured  Guillemot 
in  the  Sound  between  Etgg  and  Arisaig,  A  similar  variety  is 
reconled  by  Mr  John  Cordeaux  {ZooL,  1 877,  p.  298).  [Feilden 
and  Harvie-Brown  have  one  in  their  collection. — J.  A.  H.  B,] 

Uria  gvyllt- — Resident, — a  few  winter   with  us, — nesting 

in  vast  numbers  at  the  Ascribs,  where  they  nestle  among  the 

'  In  1686  I  oUervwi  u  Gliillemot  Btill  in  full  winter  JroBs  off  ObiiJi  an  "filh 
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loose  mosses  of  rock  upon  the  shores.  There  aie  small 
colonies  at  Eamasaig,  DunvegaD  Head,  and  Miloveig.  1  have 
often  visited  the  latter  colony,  which  inhabits  the  crevicea 
of  the  basaltic  cliff,  where  the  rock  has  become  detached  by 
frost  and  weathering.  The  young  are  hatched  in  the  last 
week  of  June,  and  are  covered  with  greyish  black  down ;  the 
bill  of  a  Dewly  hatched  downy  nestling  is  nearly  black;  tarsi 
and  toes,  dark-purplish  red ;  webs  tinged  with  red.  I  shot  a 
Black  Ouillemot,  with  tandy  flight  feathers,  on  Dunvegan 
Loch  in  1884     A  few  breed  off  Tallisker. 

Merffuliu  alte. — Bare  winter  visitant,  occasionally  observed 
off  the  Ascribs  by  Captain  Macdonald.  Dead  specimens 
were  taken  to  Captain  Cameron ;  and  Mr  Dumville  Lees  baa 
likewise  met  with  it  A  bird,  apparently  of  this  species, 
was  captured  on  Fasach  in  the  early  spring  of  1885,  and 
released  by  J,  MacraOd. 

Frattreula  arctica. — Summer  visitant,  breeding  in  immense 
numbers  at  the  Ascribs,  wh«e  it  burrows  in  the  turf,  or 
deposits  its  eggs  under  masses  of  rock.  The  young  are 
hatched  at  the  beginning  of  July,  rather  later  than  the  Black 
Guillemot  Martin  writes  of  Fladda  :  "  the  Coulter-nebs 
are  very  numeroas  here ;  it  comes  in  the  middle  of  March, 
and  goes  away  in  the  middle  of  August ;  it  makes  a  tour 
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the  old  birds  had  bred  there  again  that  season  (1883),  but 
that  he  had  boiled  and  eaten  the  eggs, 

Colymbiia  aeplentrumalis. — Winter  visitant,  occasionally 
observed  by  Captain  Macdonald,  who  remarks,  that  no  doubt 
this  species  formerly  bred  on  a  loch  between  Waternish  and 
Greshornish,  called  in  Gaelic,  "  the  loch  of  the  Red-Throated 
Diver."     Partial  to  Dunvegan  Loch  in  autumn. 

Podiceps  griscigena. — Casual  visitant.  A  bird,  in  winter 
drflba,  was  shot  on  the  Skye  coast  by  Captain  Macdonald 
some  years  ago. 

Podiceps  auriius. — Casual  visitant.  A  Sclavonian  Grebe, 
in  partial  summer  dress,  was  shot  by  Captain  Macdonald  on 
Dunvegan  Loch  one  spring, 

Podiceps  Jluviatilis. — Winter  visitant,  a  few  individuals 
constantly  enjoying  the  shelter  of  the  Skinidin  Islands,  to 
the  land  side  of  which  five  or  six  Dabchicks  may  be  observed 
any  forenoon.  I  had  reason  to  believe  tliat  a  pair  nested  at 
Loch  Eishort  in  1 883,  but  was  unable  to  fully  verify  tlie  facts, 


IX.  Notes  on  the  Sucker  Fishes,  Liparis  and  Lepadogaster.    By 
W.  Anderson  Smith,  Esq.,  Ledaig,  N.B.     Communicated 
by  Mr  J.  T.  Cqnningham.      [Plate  VIL] 
(Read  16th  December  1S8E.) 

The  small  species  of  shore  fishes  generically  termed 
"  Suckers  "  by  the  vulgar,  have  scarcely  had  that  attention 
directed  to  them  which  their  interesting  character  deserves. 
For  some  years  I  have  watched  their  movements  with  care 
when  opportunity  offered,  and  endeavoured  to  obtain  some 
data  for  a  more  complete  Hfe-history  than  has  yet  appeared. 

The  large  species,  djcloptents  luvipus,  has  had  more  atten- 
tion devoted  to  it ;  whilst  I  have  not  been  able  to  furnish 
myself  with  local  specimens  to  give  it  closer  study,  the  ova 
having  hitherto  proved  in  my  hands  less  amenable  to  indoor 
incubation  than  that  of  the  many  other  fishes  I  have  hatched 
out. 

So  many  systems  of  nomenclature  and  descriptions  exist, 
that  for  the  sake  of  simplicity  and  uniformity  I  will  follow 
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Dr  Day,  vhose  important  and  valuable  work  on  British 
f  ishes  will  probably  remain  our  best  authority  for  some  time 
to  come,  despite  the  inadequate  character  of  some  of  the 
illustrations. 

Liparw  mlyaria,  the  commonest  species  of  Liparia,  seems 
to  be  extremely  rare  in  our  district,  where  it  appears  to  be 
superseded  by  its  congener,  lAparis  Montoffui.  These  latter 
I  have  taken  mainly  in  Loch  Linnhe.  The  species  of 
Zepadogagier  appear  to  monopolise  the  inner  lochs,  such-  as 
Loch  Creran,  where  I  have  never  taken  a  single  specimen  of 
Liparis, 

On  the  other  hand,  the  larger  species  of  LepadogaMer  is 
common  in  the  same  haunts  as  those  frequented  by  Lvparis 
MorUagui,  and  the  commoner  of  the  two  even  there. 

It  is  extremely  difficult  to  account  for  the  movements  of 
these  fishes.  At  one  time  they  will  be  comparatively 
common  under  stones  on  a  certain  piece  of  foreshore  at  low 
spring  tide;  and  again  they  may  be  searched  for  in  vain 
even  in  the  same  season  of  the  year.  I  have  taken  L. 
MorUagui  freely  in  March,  full  of  roe  quite  ripe ;  and  again, 
not  a  single  one  was  obtainable  in  the  best  days  of  the  best 
tides  during  the  same  month  in  other  years.  Nor  could  I 
account  for  their  movements  except  on  the  ground  of  there 
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as  befits  a  sluggish  fish  finding  its  food  on  the  ground,  in  the 
young  is  least  prominent,  in  keeping  with  its  more  active  and 
nervous  existence.  At  this  stage,  also,  the  fins  are  repre- 
sented by  a  continuous  diaphragm,  with  indications  of  rays, 
all  round  from  the  anterior  commencement  of  the  dorsal  fin 
to  the  anus  (Figs.  4  and  5).  Thia  character  is  lost  in  L. 
JJeeandalii ;  but  according  to  Day,  it  distinguishes  L.  Gouanii, 
although  this  species,  as  figured  in  Couch  under  the  name  of 
L.  CornuUcus,  has  no  such  continuity  of  fina^the  dorsal, 
caudal,  and  anal  being  all  sufficiently  clearly  defined.  As 
the  specimens  figured  in  Day  came  from  the  Channel  Islands, 
while  that  of  Couch  waa  drawn  directly  in  Cornwall,  it 
may  possibly  be  that  another  species  exists  in  the  South 
without  the  continuous  fin  around  the  caudal,  as  we  can 
scarcely  imagine  Couch  figuring  this,  to  him  the  best-known 
and  most  familiar  species,  with  such  a  marked  characteristic 
as  the  continuity  of  the  fins  misrepresented. 

Lepadogasfer  Decandolii  of  Day  is  well  figured  as  the 
Connemara  Sucker  of  Couch,  the  two  first  figures  being 
femak-s,  the  last  a  male.  This  led  Couch  to  suggest  two 
species,  owing  to  the  marked  difference  in  appearance  between 
the  sexes.  My  attention  was  first  called  to  this,  by  finding, 
in  March  1883,  a  pair  of  these  interesting  Suckers  under 
nearly  every  stone  I  lifted  on  a  stretch  of  rough  boulder- 
clad  foreshore  on  Loch  Creran.  These  were  so  distinct  in 
appearance,  and  so  affectionate  and  attentive  to  each  other, 
that  I  decided  they  must  be  male  and  female,  more  especi- 
ally as  they  had  a  "lump"  of  ova  in  most  cases  alongside. 

Yet  my  deduction  from  the  presence  of  ova  was  quite 
wrong,  for  these  were  the  ova  of  CeiUronolus,  which  are  pale 
aud  opalescent,  while  the  ova  of  Lepotlogaster  are  spread 
evenly  on  stones  or  shells,  and  are  of  a  fine  pinkish  tinge. 
These  numerous  pairs  were  consequently  merely  sheltering 
there  until  the  return  of  the  tide,  and  were  occupying  their 
cuatomary  haunts.  As  the  usual  months  for  throwing  their 
ova  are  June  and  July,  it  is  clear  that  they  pair  early,  if  indeed 
tliey  are  not  monogamous  and  constant  in  their  affections. 

In  the  month  of  June  last  I  took  two  several  pairs,  and 
placed  them  in  dishes  of  sea-water  in  the  house,  at  a  time 
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when  I  considered  they  ought  soon  to  be  apawning.  Each 
pair  was  placed  separately  —  one  pair  being  a  couple  I 
had  found  together,  the  other  a  male  and  female  taken 
from  separate  stones  at  some  little  distance  apart.  Next 
morning,  the  14th  June,  the  females  had  deposited  their  ova, 
in  both  cases  on  pieces  of  slate  I  had  placed  for  the  purpose. 
In  both  cases,  abo,  the  eggs  were  fecundated,  with  very  few 
exceptions,  showing  that,  however  they  may  pair  and  remain 
faithful,  a  ripe  male  will  fecundate  the  ova  of  a  casual 
companion. 

The  ova  when  deposited  were  pale  pink  granules  of  com- 
paratively large  size,  laid  on  the  slate  with  less  regularity  than 
in  the  case  of  Z.  bimaeulatua,  and  the  parents  seemed  to  lie 
on  the  top  of  them  with  most  watchful  anxiety.  In  order  to 
keep  them  free  from  dust  and  sediment — the  great  enemies 
of  ova  when  thus  kept  under  unnatural  couditions,  and 
merely  supplied  daily  with  fresh  water — the  slates  were 
turned  upside  down,  under  which  circumstances  the  parents 
were  for  some  days  almost  invariably  found  upside  down 
upon  the  ova,  attached  to  the  slate  by  their  suckers. 

Finding  it  difBcult  to  supply  such  small  fishes  with  satis- 
factory food,  I  kept  the  dishes  supplied  with  bunches  of  the 
finer-tu^^d  seaweeds,  amid  the  numerous  branchlets  of  which 
.liimto  crustaciia  and  mollusca,  both  luflture  and  embryonic. 
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than  Lepmlogaster  bimaciilalus ;  and  the  latter  is,  again,  more 
active  and  vigorous  than  L.  DecandoUi.  I  have  scarcely  ever 
taken  the  ova  of  L.  bimaculalas  except  arranged  in  regular 
layers  within  the  empty  sheila  of  Scallops  (Peclen  opercularis). 
Even  after  the  ova  have  been  hatched,  the  shell  retains  the 
impression  of  the  eggs  as  originally  deposited.  The  ova  of 
this  fish  I  have  brought  out  frequently  from  the  shells,  but 
have  never  had  it  deposited  in  captivity.  The  eggs  are 
generally  accompanied  by  the  parent,  curled  up  inside  the 
shell,  watching  over  the  progress  of  her  progeny ;  and  if  the 
dredge  should  bring  up  a  shell  thus  supplied  with  ova  from 
eight  or  twelve  fathoms  off  scallop  ground,  if  the  fish  is  not 
in  the  shell  it  is  almost  sure  to  be  in  the  other  contents  of 
the  dredge,  showing  it  liad  either  come  out  in  the  capture,  or 
been  watching  close  by. 

These  captures  from  scallop  ground  are  frequently  of  great 
brilliance  and  beauty,  varying  greatly,  probably  according  to 
the  ground,  and  passing  from  pale  orange  pink  to  the  most 
brilliant  crimson.  Certain  of  them  are  entirely  without  the 
distinguishing  two  spots,  whence  their  secondary  name  is 
derived ;  and  these  are  otherwise  generally  the  most  brilliant 
in  colouring,  and  the  most  delicately  organised.  Shore-fiah 
— taken  at  low  water,  as  they  are  occasionally — are  not 
commonly  of  so  refined  an  organisation,  or  so  gracefully 
delicate,  as  those  from  the  scallop  ground. 

Liparis  Monlagui  frequents  stronger  waters,  and  probably 
also  in  consequence  warmer  waters,  than  Lepadogaster  as  a 
general  rule,  and  spawns  in  March ;  while  both  our  species 
of  Ltpadogaster  spawn  in  June  and  July.  The  eggs  of  all  are 
large  compared  with  the  fish ;  and  this  may  he  said  as  a  rule 
of  shore-fishea  whose  ova  are  comparatively  few  in  number, 
and  more  carefully  watched  over  and  tended  by  the  parents. 
The  eggs,  indeed,  of  Lepadogaster  may  be  readily  counted, 
and  average  about  150. 

Within  a  very  few  hours  after  fecundation,  the  ova  that 
have  been  fecundated  are  easily  distinguishable  by  the  naked 
eye  from  those  that  are  barren ;  and  Fig.  1  shows  them  on 
the  fourth  day  distinctly  marked.  On  the  thirteenth  day 
the  circulation  is  readily  noted,  and  the  eyes  are  almost  as 
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brilliant  aa  the  ocelli  of  the  Peciene.  This  is  a  feature  in 
most  fiah  embryos.  The  eyea  of  these  fish,  however,  continue 
to  increase  in  brilliance  and  beauty  until  they  become  a  dis- 
tinguishing feature  in  the  little  creatures.  The  golden  inner 
iris  of  the  female  is  more  especially  vivid. 

In  the  species  of  Lepadogaster,  the  embryos  show  a  marked 
irregularity  of  position  ;  that  is,  the  eggs  are  affixed  to  their 
station  regardless  of  the  future  growth,  which  may  develop 
with  its  head  or  tail  in  any  direction  with  reference  to  the 
place  of  attachment. 

This  also  is  observable  with  regard  to  other  embrj-os,  some 
capsuled  ova  developing  with  the  head  downward,  others 
with  the  tail  end  affixed. 

One  difficulty  met  with  in  investigating  the  embryology  of 
these  fishes  lies  in  the  tenacity  with  which  the  ova  stick  to 
their  place  of  attachment,  no  instrument  I  could  invent 
removing  them  without  fatal  injury.  This  narrowed  my 
investigations  in  some  steles  down  to  the  points  that  could 
be  examined  through  a  pocket  lens,  and  prevented  more 
careful  microscopic  drawings. 

At  eighteen  days,  however,  the  young  of  Lepadogaster 
Decandolii  showed  marked  indications  of  approaching  the 
active  B\»%e,  although  the  sac  was  still  of  great  size,  and  the 
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Now,  seeing  C  lumptis  grows  to  the  length  of  24  inches,  and 
3  inches  may  be  coDsidered  the  full  development  of  L. 
Decandolii,  we  sliould  have  had  the  latter  furnished  with  a 
developed  sucker  at  about  3  mm.,  or  say  one-half  the  size  at 
which  it  ari'ives  without  a  show  of  disc.  I  have  not  had  an 
opportunity  of  watching  the  development  of  the  disc  of 
Liparis  Monlagui ;  but  from  ita  formation  I  should  predicate 
an  early  development,  as  in  the  case  of  C.  lumpus,  to  which 
its  disc  is  allied. 

It  would  appear  as  if  a  slender  body  and  weak  vertebrate 
system  had  developed,  in  the  case  of  Gohius  and  Lepadoijnster, 
a  habit  of  clinging  to  the  seaware  and  sea  bottom  that 
stimulated  the  pectoral  region  to  meet  the  necessities  of  the 
situation,  and,  in  the  case  of  Lepadofjoster,  to  cushion  itself, 
the  pectoral  tins  curving  around  the  swelling  bosom  of  the 
fish.  Between  these  cushions  depressions  were  left,  and 
these  proving  very  advantageous  to  the  fish  by  their  sucker 
action,  the  advantage  was  pursued  by  nature,  and  trans- 
mitted. In  the  ca.se  of  Gobi-its  (Fig,  9),  the  cupping  action 
was  wholly  performed  by  the  fins,  the  rays  of  the  pectorals 
strengthening  and  stiffening,  the  better  to  meet  the  difBculty. 
This  is  nmcii  inferior  to  the  true  suckers  in  eflect,  the  Gobius 
being  upon  the  whole  an  active  race,  and  frequenting  less 
exposed  situations.  They  have,  indeed,  become  partly 
fresh  and  brackish  water  fish,  and  their  suckers  are  so  far 
makeshifts. 

Although  the  small  cushion-like  discs  of  Cycloptenis  and 
Liparis  are  the  truest  suckers,  yet  the  species  of  Lepadogaster 
are  perhaps  the  most  truly  sucker  fish.  This  especially 
applies  to  L.  Decandolii  (Day),  which  is  really  a  sucker  fish 
all  the  way  forward  from  the  sucker  proper  itself.  Two- 
thirds  of  its  length,  and  practically  three-fourths  of  its  weight 
and  horizontal  surface,  is  a  sucker.  By  sucking  up  its  lower 
jaw,  and  allowing  its  cartilaginous  framework  to  rest  on  any 
object,  the  front  jaw  adds  its  sucking  action  to  the  sucker 
proper.  This  is  aided  by  the  plentiful  <Iiacharge  of  mucus, 
in  which  this  species  emulates  the  Unctuous  Sucker,  L. 
linearis. 

The  sac  of  Lcpadoi/asUr  Dicandolii  was  quite   absorbed 
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ju8t  six  weeks  after  the  deposition  of  the  ova,  and  a  fortnight 
after  it  had  left  the  attachment  of  the  slate ;  and  yet,  except 
the  appearance  of  muscular  nuclei  indicated  in  Fig.  6,  no 
sign  of  a  disc  vas  perceptible. 

No  brush  can  give  any  adequate  conception  of  the 
hrilliance  of  L.  bimaculatus  from  eight  to  twelve  fathoma 
on  scallop  ground ;  or  the  vividness  of  colouring  of  the  male 
of  L.  Decandoia  in  the  breeding  season.  The  prevailing 
tone  of  this  fish  is  a  somewhat  sober-tinted  combination  of 
olive-greens  and  greys.  At  the  breeding  time  the  female  ia 
much  smaller,  less  conspicuous  in  every  way,  and  commonly 
marked  with  a  band  across  between  the  eyes,  which  somewhat 
resembles  the  spectacle  mark  on  the  Cornish  Sucker  of  Couch 
— L.  Qovanii  of  Day,  More  timid,  more  active,  slighter 
built,  and  more  sober-tinted,  the  female  might  well  have  been 
supposed  to  be  a  different  species  from  its  brilliant  companion, 
whose  bright  carmine  spots  on  the  dorsal  fin  commonly  give 
him  a  sufficiently  distinctive  appearance. 

The  spectacle  mark  shows  under  the  lens  as  being  made 
up  of  bright  acaly  particles,  distinct  from  the  mucous- 
coated  skin  of  the  remainder  of  the  fish.  Its  gelatinous  con- 
sistency canses  the  fish  to  display  its  emotions  with  the 
facility  of  a  cutde-fish,  and  the  colour  consequently  changes 
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Explanation  of  Plate. 

Fig.  1.  Otb  of  LepadogaMer  Deeandolii  (Day),  uttached  to  pierce-  of  alata  ; 

Fig.  !,  Ovum  of  same  ^h,  fourth  day  attec  fertilization  ;  a,  oil  globulv ; 

magnijicil. 
Fig.  3.  Thirtoen  days  after  fertilization,  blood  circuUting,  and  »omites 

visible- 
Fig.  4.  YoQDg  fial),  hstflhcd  Ilth  July,  sketched  26tli  July,  1885  ;  leiigtti. 

Fig.  6.  Same  stage,  magnified. 
Fig.  0.   Ventral  surface  sixteen  days  after  hatching. 
Fig.  7.  The  Tontra]  sucker  of  the  mature  fish- 
Fig.  8-  Sucker  of  young  Oyeloptenia  Inmpjis,  1  inch  in  length. 
Fig.  9.  Sucker  of  Qebius  formed  from  ventral  fiua. 
Fig.  10.  Backer  at  L^rit  Moitloffui. 


X.  The  Sense  of  TtyticA  in  Astaciis.     By  G.  Lovell  Gulland, 
Esq.,  M.A.,  B-Sc,  M.B.,  CM.     [Plates  VIII.  and  IX,] 

(Read  16th  December  188^) 

Intkoduction. 

The  following  is  an  account  of  the  principal  papers  in 
which  the  sense  of  touch  in  tlie  Crustacea  and  allied  fomis 
has  been  discussed. 

The  latest  wTitet  (if  we  except  the  ordinary  text-books) 
who  approaches  the  subject  of  the  sense  of  touch  in  Astacim, 
or  indeed  in  any  of  the  higher  Crustacea,  is  Huxley,  who  ^ 
suggests  that  the  "  seta;,  so  generally  scattered  over  the  body 
and  appendages,  are  delicate  tactile  organs ; "  and  then  goes 
on  to  point  out  the  likelihood  that  they  are  in  some  way 
connected  with  nerves.  We  shall  see  how  this  opinion  has 
arisen. 

De  Moi^an*  sums  up  the  literature  of  the  subject  up  to 
his  time,  and  suggests  that  the  tufts  of  bristles  on  the  large 
claw  of  the  lobster  are  tactile  in  function.  He  traces  the 
nerve-fibres  to  a  point  near  the  bases  of  the  setje  in  the 
"  flabellum  "  of  the  tail  of  the  prawn  and  propodite  of  the 
claw  of  the  shrimp,  but  makes  the  mistake  of  supposing  that 

1  The  Crayfish,  p.  113- 

■On  the  attuotura  and  Functions  of  the  Haira  of  the  Cruatacen,  Phil. 
Trans.,  1858. 
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the  grannlar  matter  inside  the  sette  consiats  of  "  nerve- 
grsnulea."  He  does  not  seem  to  have  experimeDted  at  all 
on  their  function,  and  for  him  all  setfe  are  tactile. 

Leydig,  in  1860,^  besides  describing  the  so-caUed  olfactory 
setse,  mainly  in  Baphnidse  and  Fhyllopods,  says,  talking 
especially  of  the  antennules  of  Asellus,  "  besides  those  hairs 
which  have  the  nature  of  simple  outgrowths  of  the  integu- 
ment, and  stand  with  their  root  over  a  cuticnlar  canal,  where, 
through  a  continuation  of  the  matrix,  one  might  say  a  papilla 
rises  towards  the  hair,"  these  "  possess  also  '  Tastborsten,' 
■ie.,  simple  pointed  or  feathered  hairs,  which  at  their  base  are 
connected  with  a  nerve-ending."  He  gives,  however,  no 
accomit  of  the  minnte  strncture  or  distribution  of  the  sette, 
or  of  the  structure  of  the  nerve-ending,  nor  do  his  figures 
give  us  any  assistanca  In  his  "  Lehrbuch  der  Histologic  " 
(Fig.  113),  he  shows  the  connection  between  nerve  and  setro 
in  the  larva  of  Borethra  plumicomis,  but  to  this  we  shall 
return  later. 

Hensen,  in  his  admirable  paper,*  touches  upon  the  relations 
of  the  auditory  setee  to  others,  and  to  him  abo  is  due  the 
credit  of  establishing  the  exact  nature  of  the  connection 
between  nerve  and  seta  in  the  auditory  setee. 

Dr  W.  C.  M'Intosh'  gives  a  very  elaborate  accoant  of  the 
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joint,  one  much  larger  than  the  rest ;   and  he  figures  the 
approach  of  the  nerve  to  it  with  a  very  low  power. 

Lemoine  ^  was  the  first  to  investigate  the  auhject  from  a 
physiological  standpoint.  By  the  use  of  forceps,  percussion, 
needles,  and  atimulation  by  electricity,  he  finds  that  certain 
parts  are  more  sensitive  than  others  (to  these  I  shall  refer 
in  the  course  of  this  paper),  but  only  in  the  case  of  the 
antennte,  antennulea,  and  the  "  limbs  "  has  be  supplemented 
these  observations  by  microscopic  examination ;  and  here  he 
finds  setae  "  straight,  cylindrical,  tapering  at  their  extremity," 
which  he  associates  somewhat  tentatively  with  the  sense  of 
touch,  and  which,  though  he  does  not  figure  them,  must, 
from  his  description  of  their  structure  and  position,  be 
identical  with  the  setaa  which  I  recognise  as  tactile. 

BrauD*  describes  incidentally  two  kinds  of  sctte  in  the  cray- 
fish, identical  with  those  which  I  recognise,  and  gives  their  dis- 
tribution in  a  general  way;  but  any  consideration  of  their  physi- 
ology is  foreign  to  his  purpose,  and  be  does  not  enter  into  it 
Clans^  recognises  that  the  feathered  sette,  "  Fiederhorsten," 
are  merely  rowing  organs—"  Euderborsten  " — but  says  that 
the  short  and  simple  spines  are  touch-organs,  and  possess  an 
"  axial-thread  "  in  their  striated  contents  ;  to  them  runs  a 
nerve,  which  is  provided  with  a  ganglion-cell,  and,  passing 
between  the  matrix-cells,  becomes  continuous  with  the  axial- 
thread  ("  Achsenfaden  ").  He  does  not  figure  this  arrange- 
ment with  a  high  power  in  any  of  the  Argulids,  but  gives  a 
drawing  representing  a  similar  arrangement  in  Sida,  which  I 
reproduce  (PI  VHI.,  Fi".  9). 

I  cannot  accept  the  view  of  the  nerve  termination  which 
regards  it  as  running  quite  to  the  end  of  the  seta,  for  not 
only  do  my  own  positive  observations,  as  well  as  those  of 
Hensen  and  others,  directly  contradict  it,  but  the  whole 
history  of  the  formation  of  the  seta;  and  the  phenomena  at 
the  moult,  as  given  by  Hensen  and  Braun,  go  to  prove  its 
'  Rech.  ponr  servir  &  I'liistoiic  iIcs  aysUnieB  nerreux,  moaculiiiTe,  et  glandu- 
kire  de  I'EcwTiiisi),  Ann,  des  Sciences  Naturelles,  S«rie  B,  tome  ix,,  1868. 

'  Ueber  die  bUtologiBcIieii  Vorgsnge  bei  der  HSutung  von  Astacus  lluri&tUu, 
Arbeiten  niu  d«m  S^oologiKlien  Institut  za  WQnburg,  ii.,  1871J. 

'  EntvriclituDg,  org&nisatioD  und  aystematiacba  Stellang  der  Arguliden, 
Zeit  f.  wiM.  Zool.,  1876,  pp.  210,  241. 
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falsity.  I  shall  again  hare  to  speak  of  the  actual  nature  of 
the  contents  of  the  setse. 

Leydig,  again,  writing  iu  1877,'  in  describing  the  antenuse 
of  Gammarus,  enters  at  some  length  into  the  question  of  the 
funotioBS  of  the  various  forms  of  sette  in  this  and  other 
Cmstacea.  He  describes  and  figures  somewhat  roughly,  as 
"  gewohnliche  Borsten,"  settB  closely  resembling  the  tactile 
setffi  in  Aatacas;  but  in  opposition  to  De  Bougemont,  whom 
(p.  230)  he  quotes,  and  who  regards  these  as  tactile  setse, 
Leydig  accepts  the  second  variety — ^the  "  Fiederborsten  " — 
aa  tactile,  and  adduces  in  evidence  his  own  and  Weiamann's 
researches  on  the  larva  of  Coreihra  plumicomis.^  I  shall 
have  more  to  say  on  this  point  when  discussing  the  relations 
of  the  various  forms  of  setae. 

Titzow  *  ofiers  incidentally  some  remarks  on  the  setse. 

Jourdain's  paper*  need  only  be  meotioaed  to  call  attention 
to  the  fact  that  on  p.  417  he  talks  of  the  "  different  varieties 
of  setie  considered  to  be  tactile." 

Afl  regards  other  Anthropoda,  I  may  cite  Jobert,  who  * 
devotes  a  small  portion  of  his  paper  to  the  tactile  apparatus 
in  the  mouth-parta  of  various  insects,  and  shows  that  there 
are  tactile  end-organs  very  similar  to  those  I  am  about  to 
describe.  He  seems,  however,  to  have  misunderstood  the 
nature  of  the  connection  between   the   end-bulb   and  the 
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Of  these  older  writera,  tlie  papers  of  Leydig  and  Weisraaiin 
OH  the  larva  of  Cordhra  already  cited,  and  Leydig's  papers,' 
are  especially  worthy  of  notice,  but  the  want  of  physiological 
confirmation  detracts  very  much  from  the  value  of  all  these 
contributions.  I  shall  again  have  to  refer  to  Grobhen'a 
paper*  and  to  Studer,"  and  so  content  myself  at  present  with 
mentioning  them. 

The  tactile  nerve  end-organs  which  have  so  far  been  studied 
in  the  Crustacea  have  been  the  simple  forma,  which  are  found 
in  the  lower  members  of  the  group ;  the  mode  in  which  the 
nerve-fibre  is  connected  with  the  seta  had  not  been  satisfac- 
torily made  out,  and  there  was  a  tendency  to  regard  the  nerve 
as  passing  to  the  end  of  the  seta ;  the  distinction  between  the 
various  forms  of  sette  was  imperfectly  known,  as  was  also  the 
relations  between  those  of  higher  and  lower  forms;  and  the  dis- 
tribution of  tactile  setai  had  nowhere  been  ascertained  clearly. 

[I  can  only  mention  Professor  Leydig's  interesting  paper 
(Die  Hautsinnesorgane  der  ArthrojMdcn  Zool.  Auzeig.  222, 
223,  May  188ti),  and  regret  that  I  cannot  agree  with  his  view 
of  the  contents  of  the  tactile  sette.  It  seems  to  me  that  the 
mode  of  formation  of  these  settc,  as  well  as  direct  observation 
of  the  facts,  quite  excludes  the  possibility  of  the  contents 
being  nervous  in  character.] 

Forms  of  ths  Set.*;  os  the  Exoskeleton  of  Abtacus. 
Aa  Braun  (loc.  cit.,  p.  131)  has  already  pointed  out,  these 
may  be  divided  into  two  main  groups,  according  to  whether 
the  lumen  of  the  seta  communicates  with  the  canal  through 
the  integument  over  which  it  stands  or  not.  Those  in  which 
there  is  this  communication  seem  in  every  case  which  has 
been  examined  to  be  in  connection  with  a  nerve-fibrO,  and 
may  be  called  "  sensory  seta!,"  and,  according  to  the  peculiar 
form  of  sensory  impression  which  they  are  modified  to  re- 

'  Zur  Anatomie  der  Inaectcn,  Keicliert  nnd  Du  Boiii  Ecyuioud'a  Arcbiv  far 
Anatoiuie,  etc.,  ISSt). 

*  Uober  blMchBtirurniigt-  Siunraorgane  uiid  eioo  eigenthamlii^he  Henbildung 
der  Larrs  too  PtyElioiilera  conUminato,  Silab,  d.  Akad.  d.  Wiss.  ku  Wien, 
Bd.  luiL,  1S7S. 

'NcrTenemJigilngiD  bei  lusccten,  Mittb.  diT  Bamcr  Naturforsch.  (Icevllsdi., 
1873. 
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ceive,  may  be  divided  into  tactile,  auditory,  and  olfactory 
sebffi. 

Those  whose  lumen  is  closed,  and  to  which  no  nerve  can 
be  traced,  may  be  called  "fringing  stUe"  from  the  fact  that 
they  mainly  form  the  fringes  which  are  found  on  so  many  of 
the  appendages  and  segments  of  the  body.  I  do  not  propose 
to  discuss  in  detail  the  structure  of  the  olfactory  or  auditory 
setffi,  and  shall  therefore  pass  at  once  to  the  consideration  of 
the  tactile  set«e. 

Tactile  Stiee. — Those  setse,  whose  distribution  will  be  dis- 
cussed in  detail,  vary  slightly  in  length  and  thickness  in 
different  parts  of  the  body,  and  are  perhaps  seen  to  most 
advantage  on  the  terminal  segments  of  the  abdominal  swim- 
merets.  Here  they  are  many  times  longer  than  their  breadth, 
cylindrical,  simple  (i.c.,  without  secondary  bristles),  hollow, 
with  the  lumen  about  as  thick,  in  optical  section,  aa  one  of 
the  walls,  and  sometimes  with  a  few  granules  in  the  interior; 
formiug  a  cylinder  of  the  same  thickness  from  the  base  to  a 
point  whose  distance  varies  from  a  quarter  to  a  half  of  the 
way  up,  where  there  is  an  internal  thickening  of  the  wall  all 
round,  and  an  appearance  of  jointing.  According  to  Braun 
(foe.  cit,  p.  149) — and  I  see  no  reason  to  doubt  the  correct- 
ness of  his  observations — this  corresponds  to  the  point  at 
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the  fonuatiou  of  the  new  seta,  and,  aa  Eraun  {loc.  cit.,  p.  151) 
pointB  out,  is  drawn  out  with  the  seta  in  the  process.  Under 
no  circumstances  ia  there  any  "  nervous  matter "  in  the 
lumen. 

The  setfe  are  unealcified,  chitinous,  and  very  elastic,  which 
is  due  partly  to  their  own  substance,  partly  to  the  joint 
which  connects  them  with  the  integument.  They  are  bright 
yellow  in  colour,  and  the  stouter  and  thicker  theii-  walls,  the 
more  this  is  marked,  so  that  it  ia  probably  due  to  the  actual 
colour  of  the  chitin.  Sometimes,  especially  when  the  seta; 
are  thick  and  strong,  there  is  an  appearance  as  if  the  wall 
-  were  double,  which  is  indicated  in  PI.  VIII.,  Fiy.  1.  The 
manner  of  their  articulation  to  the  integument  ia  peculiar, 
and  differs  slightly  from  that  of  the  fringing  seUe.  The 
lumen  ia  widest  at  the  base,  as  a  general  rule,  and  the  walls 
thickest;  suddenly  the  thick  cylinder  formed  by  the  walls 
widens  out,  and  the  walls  become  thinner  and  more  mem- 
branous, and  roof  in  a  dilatation  of  the  canal  which  pierces 
the  integument ;  while  the  membrane  itself  passes  up  to  be- 
come continuous  with  the  cuticular  thickening  or  "  areola  " 
which  surrounds  the  base  of  the  seta,  and  rises  slightly  above 
the  level  of  the  cuticle. 

This  will  be  belter  understood  by  reference  to  PI,  IX.,  Fig. 
12.  The  main  use  of  the  dilatation  of  the  canal  under  the 
sette  is  evidently  to  allow  the  base  of  the  seta,  which  is 
slightly  sunk  in  the  dilatation,  to  move  freely.  There  are 
alight  variations  in  the  forms  of  the  setie,  the  most  noticeable 
being  an  occasional  very  minute  serration  of  the  distal  por- 
tion, whose  morphological  siguiiicance  will  be  noticed  else- 
where. 

Fringiity  Setee. — These  likewise  vary  slightly  in  their  de- 
gree of  development  in  diflerent  parts,  but  are  also  beat  seen 
on  the  awimmereta.  Their  most  essential  characteristics  are 
the  absence  of  any  connection  with  nerves,  and  the  closure 
of  the  lumen  near  the  proximal  end  of  the  seta  by  a  thick 
chittnous  ingrowth ;  this,  according  to  Braun  {loc.  cit.,  p.  151), 
is  not  present  immediately  after  the  moult,  but  is  formed  by 
the  new  "  papilla."  In  connection  with  this,  it  is  interesting 
to  notice  that  in  Tbysanopoda  the   fringing  seta  are  not 
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closed,  but  that  their  lumen  coinmusicates  freely  with  the 
canal  over  which  they  stand  ;  this  seems  to  indicate  that  the 
closure  of  these  fringing  set«  is  of  comparatively  recent  ap- 
pearance among  the  Decapoda,  supporting  the  views  of  Boas,' 
who,  while  he  separates  Thyaanopoda  and  the  other  Euphau- 
sidfe  from  the  Mysidie  and  Lophc^aetridoi,  and  regards  them 
as  the  most  primitive  forms  of  the  Malacostraca,  still  con- 
siders that  they  are  not  very  for  distant  from  the  Dtcapoda 
natantia,  to  which  again  Aatacua  is  one  of  the  most  nearly 
allied  forms  among  the  Decapoda  reptantia.  Beyond  the 
point  of  closure,  where  they  are  nearly  cylindrical,  these  setae 
are  flat  and  band-like,  so  that  la  a  cross  section  they  have 
the  form  of  an  elongated  rectangle  with  the  comers  rounded 
oif.  From  the  anterior  and  posterior  flat  surfaces  no  bristles 
arise,  but  on  each  of  the  two  edges  there  is  a  single  row  of 
very  delicate  secondary  bristles,  which  are  solid,  and  the 
longest  of  which  are  aboat  02  millimetres  in  length,  and 
between  0001  and  0002  millimetres  broad  at  the  base.  The 
wall  of  the  primary  seta,  except  at  the  base  where  it  is  thick 
and  strong,  is  much  thinner  than  that  of  the  tactile  setfe, 
and  on  the  edges  has  a  curved  outline,  the  depressions  in 
which  correspond  to  the  points  of  insertion  of  the  bristles, 
while  the  side  towards  the  lumen  has  projections  which  cor- 
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Tlie  closure  of  the  lumen  takes  place  at  a  point  about  0'03 
nun,  above  tbe  articulation  with  the  integument,  by  means 
of  a  chitinous  plate  about  0'006  mm.  thick,  which  passes 
right  across  the  lumen.  As  the  canal  on  which  they  stand 
is  relatively  much  wider  than  that  of  the  tactile  sette,  tbe 
hypoderniis  passes  iip  nearly  as  far  as  the  closing  plate ;  and 
this  seems  to  confirm  Braun's  su^estion  as  to  its  formation. 
The  articulation  differs  slightly  from  that  of  the  tactile  aetas, 
inasmuch  as  the  membranous  part  is  not  so  long;  the 
"  areola "  is  more  delicate  and  nearer  the  base  of  tlie  seta, 
and  the  whole  is  raised  on  a  sort  of  pedestal  formed  by  a 
projection  of  the  integument. 

These  settB  vary  considerably  in  details,  but  the  type  is 
always  recognisable.  Sometimes  the  bristles  are  only  found 
on  the  distal  part,  or  the  seta  is  not  quite  so  flat  as  I  liave 
described  it,  and  the  setiE  are  arranged  more  irregularly,  and 
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The  only  writer  who  has  attempted  to  examine  the  function 
of  the  setEc  experimentally  is  Lemoine,  and  he  has  done  no 
more  than  commence  the  study,  and  has  in  addition  made 
but  few  and  imperfect  microscopical  observations.  I  shall 
now  explain  the  grounds  which  led  me  to  regard  as  tactile 
those  setaj  to  wiiich  1  have  already  ascribed  that  function. 

I  examined  first  the  anteniiiB,  since  they  have  always 
been  regarded  as  peculiarly  sensitive  to  tactile  impressions, 
but  found  that  though  tbe  animal  evidently  assumed  an 
attitude  of  watchfulness,  and  showed  some  disquietude  when 
I  rubbed  the  surface  of  the  antenna  or  twitched  it,  yet  that 
there  was  no  immediate  response,  and  that,  moreover,  the 
seta)  were  so  small  and  so  thinly  set,  that  it  was  impossible 
to  say  whether  the  impression  was  received  by  them  or  by 
the  general  surface.  I  then  turned  to  the  great  claws,  where 
in  the  "  hand,"  with  the  naked  eye,  it  is  perfectly  easy  to 
distinguish  delicate  transparent  projections,  especially  nume- 
rous along  the  inner  edges  of  both  the  dactylopodite  and  the 
"index"  or  "anvil"  of  the  prupodite,  which,  with  a  low 
magnifying   power,  resolve   themselves  into  tufts  of   selLu. 
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These  have  already  been  recognised  by  Lemoine  and  Huxley 
in  the  crayfish,  and  by  M'Intosh  in  Carcinut  mtmas,  and  are 
usually  recognised  in  systematic  descriptions  of  Crustacea. 
It  is  quite  possible  to  introduce  a  needle  between  the  pincers 
without  the  creature  taking  any  notice  of  it,  but  as  soon  as 
one  of  the  tufts  is  touched,  no  matter  how  gently,  the  pincers 
close  at  once  with  a  snap  more  or  less  decided  according  to 
the  vigour  of  the  animal,  the  strength  of  the  impression,  and 
the  number  of  tufts  touched.  If  the  tubercles  on  the  pincers 
ba  touched,  there  is  no  result  so  long  as  the  tufts  of  setae  are 
not  pressed  upon.  On  examining  the  tufts  with  higher 
powers  of  the  microscope,  I  found  that  they  were  composed 
of  setae  of  the  type  which  I  have  already  described  as  tactile, 
and  the  "  index  "  of  the  propodite  was  also  specially  suited 
for  demonstrating  the  connection  of  nerves  with  the  setA. 

From  these  data  I  considered  myself  justified  in  assuming 
that  these  setae  were  specially  adapted  for  touch,  and  pro- 
ceeded in  a  similar  way  to  make  a  detailed  physiological  and 
microscopical  examination  of  the  setai  of  the  surface  of  the 
body. 

The  Eya. — On  no  part  of  either  the  peduncle,  the  surface 
of  the  eye,  or  the  membrane  between  the  eyes,  are  there  setfe 
of  any  kind.     It  will  then,  at  first  sight,  seem  strange  that. 
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of  which  are  directed  forwards;  they  are  of  the  usual  type, 
but  very  Bniall,  often  not  exceeding  O'l  mm,  in  length.  On 
the  two  or  three  most  distal  segiaenta,  where  the  olfactory 
set«e  are  absent,  the  tactile  Betas  are  longer  and  more  nume- 
rous, and  they  are  most  numerous  on  the  last  segment.  On 
the  endopoJite  the  arrangement  of  the  tactile  setie  is  the 
same,  but  here  they  are  rather  longer.  On  the  third  joint  of 
the  main  stem  there  is  one  large  group  of  tactile  setie  on  the 
outer  margin  at  the  base  of  the  exopodite,  and  one  or  two 
isolated  setai  near  it ;  on  the  inner  margin  is  a  row  of 
fringing  setfe,  and  all  the  setre  on  the  first  and  second  joints 
are  also  of  this  kind,  with  the  exception  of  a  very  few  small 
tactile  ones  on  the  inferior  margin  of  the  triangular  first 
joint.  If  the  antennule  be  examined  in  ^u,  the  significance 
of  this  arrangement  will  be  at  once  apparent ;  for  it  will  be 
seen  that  only  those  parts  which  bear  tactile  setie  are  really 
external,  and  that  these  only  could  receive  tactile  impressions, 
since  the  other  parts  are  covered  by  the  eyes,  the  rostrum, 
squanie  of  the  antenna,  and  the  antennule  of  the  opposite 
side.  The  fringing  setie  along  the  margins  of  the  surface, 
which  bears  the  opening  of  the  auditory  sac,  as  well  as  the 
close  set  row  of  fringing  setse  which  cover  the  opening,  act, 
doubtless,  as  strainers,  and  prevent  the  entrance  of  foreign 
bodies  to  that  delicate  organ. 

E^^eriviental.^-'Lemoine  lias  already  remarked  that  the 
antennules  are  extremely  sensitive,  especially  at  the  point, 
and  this  I  can  fuUy  corroborate.  As  Huxley  {loc.  cit.,  p.  115) 
has  pointed  out,  the  olfactory  setie  are  of  essentially  the 
same  structure  as  the  tactile  sette ;  Jourdain's  denial  of  this 
resemblance  (loc.  cit.,  pp.  405,  409)  is  due  to  an  erroneous 
conception  of  the  structure  of  the  olfactory  sette,  and  ignor- 
ance of  their  mode  of  formation.  I  shall  have  more  to  say 
of  the  olfactory  setfe  when  diacuaaing  the  genealogy  of  the 
various  forms  of  setie. 

27(6  Antenna. — On  the  terminal  multiarticulate  filament 
of  the  endopodite  (Huxley'a  procerite),  the  disposition  of  the 
set«,  which  are  all  tactile,  is  just  the  same  as  in  the  filaments 
of  the  antennules ;  they  are,  however,  more  numerous,  and 
near  the  base  of  the  filament  rather  longer,     There  is  a  lai'ge 
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tuft  of  tactile  aetsB  at  the  baae  of  the  procerite,  and  a  few  are 
continued  from  that  point  down  the  outer  margin  of  the 
carpocerite ;  but  all  the  seise  below  that  point  on  the  upper 
surface  are  fringing  seta,  as  that  part  is  covered  by  the 
antennules  and  the  squame.  On  the  squame  there  are  only 
fringing  setae,  very  long  and  strong,  arranged  in  a  single  row 
along  its  inner  mai^,  and  which  evidently  serve  merely  to 
increase  the  surface.  On  the  under  surface  of  the  basal 
segments  of  the  ant«nna  there  are  no  setae. 

EtepcrimeiUal. — According  to  Lemoine,  the  point  of  the 
antenna  is  very  sensitive ;  this  I  am  able  to  confirm.  The 
rest  of  the  procerite  is  sensitive,  but  not  nearly  so  sensitive 
as  the  antennules.  It  seems  strange,  at  first  sight,  that  the 
sette  on  the  "  feeler,"  as  it  is  so  often  called,  should  be  small, 
— and  I  may  remark,  in  passing,  that  on  the  antennae  of  the 
lobster  they  are  still  smaller, — but  when  we  consider  the 
amount  of  rough  usage  which  the  antennie  have  to  go 
through,  it  is  evident  that,  if  the  sette  were  longer  and  the 
proportion  of  breadth  to  length  therefore  leaa,  they  would  be 
more  fragile  and  in  constant  danger  of  mutilation. 

Mandibles. — On  the  great  coxopodite  there  are  only  a  few 
short  tactile  setae  on  the  posterior  margin,  and  a  few  fringing 
setie  on  the  ventral  surface.      On  the  palp,  all  the  setae  on 
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stouter  than  on  any  other  part  of  the  body ;  in  the  2d  maxilla 
they  are  longer,  and  approach  more  nearly  to  the  ordinary 
type.  The  sebe  on  the  palps,  between  the  laciniaj  and  round 
the  edges  of  the  acaphognatbite,  are  fringing  seUe,  which 
show  various  modifications. 

K  the  three  pairs  of  appendages  just  spoken  of  be  examined 
in  aiii,  it  will  be  noticed  that  the  tactile  aetce  here,  aa  on  all 
other  parts  of  the  animal,  are  only  present  on  externa!  sur- 
faces, where  they  can  be  of  use.  From  the  position  of  theae 
appendages  it  ia  itnpoasible  to  get  at  them  for  experimental 
purposes  in  the  uninjured  animal,  or  without  touching  other 
sensitive  parts. 

1st  MaxUlipede  (1st  thoracic  appendage). — The  tactile  sette 
are  ranged  along  the  inner  edge  of  the  lacinia  interna  (coxo- 
podite)  and  the  lacinia  media  (basipodite),  in  the  latter  alone, 
in  the  former  with  a  considerable  admixture  of  fringing  setse. 
On  the  rest  of  the  endopodite  and  the  exopodite  there  are 
only  fringing  seta;. 

'2d  MaxUlipede  (2d  thoracic  appendage). — The  arrangement 
of  the  tactile  setic  is  very  similar  to  that  on  the  3J  maxilli- 
pede,  while  on  the  1st  it  closely  resembles  that  of  the  maxillaa. 
The  tactile  sette  are  namerous,  and  are  mainly  found  in  the 
fringe  that  runs  along  the  inner  edge  of  the  endopodite. 
Here  they  are  long,  atrong,  and  thickly  set,  and  ataud  in 
several  rows.  On  the  basipodite  and  ischiopodite  there  are 
no  fringing  setai,  but  on  the  meropodite  and  succeeding  seg- 
ments there  are  some  curiously  modified  fringing  setce,  very 
similar  to  those  which  M'Intosh  deacribea  as  occurring  on 
the  maxillipedes  of  Carciniia  ■nutnas,  whose  secondary  bristles 
are  short,  thick,  and  elliptical  in  form,  and  are  placed,  not  at 
opposite  edges,  but  both  at  the  extremities  of  one  surface 
(PL  VIII.,  Fig.  8).  On  the  tip  of  the  dactylopodite  are  some 
very  thick  and  short  tactile  setxe  similar  to  those  on  the  let 
maxilla.  A  large  tuft  of  tactile  setie  springs  from  the  ex- 
ternal edge  of  the  propodite,  but  otherwise  that  margin  is 
free  from  setae.  There  are  a  few  tactile  setas  scattered  over 
the  exopodite. 

3rf  Maxillipede. — The  tactile  sotce  are  arranged  here  in 
much  the  same  way  aa  in  the  foregoing  limb.     The  ischio- 
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podite  is  the  longest  segment,  and  on  it  the  set«e  are  placed 
ventrally  (ia  the  normal  position  of  the  animal)  to  the  true 
edge,  which  is  fonned  by  a  row  of  sharp  tubercles.  From 
the  meropodite  onwards  the  same  modified  fringing  setae  are 
present,  as  on  the  2d  maxillipede,  but  on  the  dactylopodite 
the  tactile  sette  are  all  long  and  slender.  On  the  external 
margin  of  the  more  distal  segments  are  a  few  tactile 
set^e  arranged  irregularly.  On  the  ventral  surface  of  the 
append^e  are  a  good  many  small  groups  of  tactile  setse, 
and  on  the  exopodite  are  a  few  setse  scattered  here  and 
there. 

Eicperimental. — If  the  rows  of  setee  on  the  ventral  surface 
and  inner  edge  of  the  3d  maxillipede  be  touched,  these 
gnathites  on  both  sides  are  at  once  brought  together,  and  the 
great  claw  and  the  ambulatory  limbs  are  brought  down  to- 
wards the  ventral  surface.  The  exopodites  of  the  2d  and  3d 
maxillipedes  are  also  slightly  sensitive.  It  is  interesting  to 
notice  that  the  3d  maxillipede,  which  covers  in  all  the  other 
jaws  and  jaw-feet,  is  especially  well  furnished  with  tactile 
setfe,  while  on  those  appendices  internal  to  it,  merely  the 
road  to  the  mouth  is  lined  with  tactile  setfe. 

Melastoma. — The  single  row  of  setce  on  the  inner  edge  are 
delicate  fringing  setae  ;  there  are  no  tactile  sette. 
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geiiei-dlly  rather  straighter  than  those,  for  instance,  on  the 
abdominal  appendages. 

Outside  most  of  the  groups  of  aetse,  and  standing  slightly 
apart,  are  to  be  seen  cue  or  two  fringing  seta?,  whose  loss  of 
function  has  caused  a  peculiar  modification.  They  are  shorter 
than  the  tactile  setce  (PI.  VIII.,  Fig.  2),  cylindrical,  with 
walls  much  thicker  than  in  the  normal  fringing  seta ;  have 
their  lumen  closed,  are  rounded  off  at  the  tip,  and  have  their 
secondary  bristles  twisted  and  twined  round  the  main  stem 
of  the  seta,  so  that  they  look  like  fringing  setai  which  have 
endeavoured  to  become  tactile,  but  by  reason  of  the  closure 
of  their  lumen,  and  theii'  having  been  already  too  much 
specialised  in  another  dii-ection,  have  failed  to  do  so.  Theii- 
presence  is  interesting,  inasmuch  as  it  illustrates  the  evolu- 
tion of  what  was  originally  a  swimming  appendage  into  a 
tactile  limb. 

These  groups  of  tactile  setje  are  especially  large  and 
numerous  towards  the  tip  of  the  "pincei-s;"  there  are  a 
considerable  number  along  the  outer  sides  of  both  joints  of 
the  "  hand,"  and  a  few  small  groups  are  scattered  over  the 
surfaces,  being  more  frequent  ou  the  rough  surface,  which  is 
usually  turned  upwards  and  outwards,  and  less  frequent  on 
the  smoother  inner  surface.  On  the  carpopodite  the  arrange- 
ment is  similar;  on  the  meropodite  the  setie  are  almost 
confined  to  the  two  serrated  edges  ;  on  the  ischiopodite  and 
biisi]>odite  there  are  a  few  very  fine  setie.  and  very  few  also 
on  the  dorsal  surface  of  the  coxopodite.  On  the  veutral 
surface  of  the  coxopodite,  however,  the  tactile  groups  are 
numerous,  especially  on  the  proximal  side  of  the  articulation 
with  the  basipodite.  The  setKs  whicli  Huxley  {loc  cit.,  p.  78) 
calls  "  coxopoditic  "  seta;,  and  which  project  inta  the  branchial 
chamber,  as  well  as  those  on  what  he  calls  the  "  base  of  the 
podobrancbia,"  are  merely  fringing  aetfe  peculiarly  modified  ; 
they  are  longer  and  more  delicate,  and  have  their  secondary 
bristles  thicker  and  at  greater  intervals  than  the  normal 
fringing  setse. 

The  description  of  the  arrangement  of  the  setee  given 
above  applies  perfectly  to  the  5th,  6th,  7th,  and  8th  thoracic 
appendages  (two  lesser  claws,  two  posterior  ambulatory  legs) ; 
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it  is  only  to  be  noticed  that  in  the  lees  modified  claws  of  the 
6th  and  6th  limbs  the  airaDgement  of  the  tactile  groups  is 
Dot  BO  definitely  marked  along  the  edges  as  in  the  great 
claw  ;  >  the  tufts  are  lat^e  and  scattered  irregularly  over  the 
surface  of  the  pincers.  On  the  spikes  tenninating  the  7th 
and  8th  limbs  the  arrangement  is  the  same  aa  in  dactylopodite 
of  the  &th  and  6th. 

Experimental,  etc. — The  effect  of  touching  the  tufts  on  the 
pincers  of  the  great  claw  has  been  already  described,  and 
will  he  farther  entered  into  in  discussing  the  nervous  ap- 
paratus ;  suffice  it  here  to  say,  that  the  result  of  touching 
the  tufts  in  the  lesser  claws  is  precisely  the  same  as  in  the 
great  claw.  If  the  sensitive  surfaces  (see  above)  of  the 
meropodite  or  carpopodite  of  the  great  claw  be  touched,  botli 
the  small  claws  endeavour  to  seize  or  sweep  away  the  ofTend- 
ing  object,  and  the  great  claw  is  moved  backwards  as  a 
whole  in  the  attempt  to  seize  it.  The  ventral  surfaces  of 
tlie  coxopodites  of  all  these  limhs  are  sensitive,  and  if  they 
be  touched,  all  the  thoracic  limbs,  with  the  exception  of  the 
maxillipedes,  turn  their  points  inwards,  and  endeavour  to 
reach  the  object  which  is  attacking  them. 

The  aggregation  of  the  tactile  setie  into  tufts  is  interesting, 
and,  from  the  fact  that  it  has  not  been  described  in  any  of 
the  lowtjr  Cruatacea.  and  also  from  the  distriimdon  of  these 


I 


I 


Mr  Gulland  on  tJic  Static  of  Touch  in  Astacus.        1G7 

In  the  thoracic  appendages  of  Thysanopoda,  which  all 
function  as  swimming  feet,  the  tactile  seb£,  which  are  long 
and  slender  (see  PI.  IX.,  Fig8.  14  and  15),  are  found  only  on 
the  tip  of  the  last  joint  and  the  anterior  margin  of  the  two 
last  joints  (of  the  endopodite).  There  are  no  tactile  seta;  on 
the  exopodite  or  the  abdominal  appendages,  which  all  func- 
tion purely  as  swimming  feet. 

Ccpkalotkoracic  Carapaw.— The  only  sette  on  the  surface 
of  the  carapace  are  the  e:cceediiigly  minute  ones  mentioned 
by  Huxley  ("  Crayfish,"  p.  239),  which  are  to  be  found  on 
the  lateral  surfaces  pi'ojecting  forwards  from  the  anterior 
part  of  the  base  of  the  large  tubercles  whicli  stud  the  carapace 
in  that  region.  They  occur  singly,  are  very  small,  and,  as 
far  as  can  be  made  out,  have  the  characters  of  the  tactile 
sette;  but  since  in  all  the  spots  where  the  setae  are  un- 
doubtedly functional,  and  where  the  cuticle  is  as  thick  as  it 
is  here,  they  occur  in  groups,  and  since  these  setie  are  so 
very  small  and  are  practically  protected  from  all  outside 
influences  by  the  tubercles,  I  greatly  doubt  whether  they 
receive  tactile  impressions,  and  whether  they  are  not  to  be 
regarded  as  a  degenerate  form  of  the  tactile  aette.  It  is  not 
diflicult  to  understand  why  the  cephalothoracic  carapace  should 
be  without  any  delinite  tactile  apparatus  on  its  dorsal  surface 
when  we  remember  that  the  carapace  is  an  outgrowth  from 
the  head-segments  for  the  protection  of  the  important  organs 
situated  in  the  thorax,  and  has,  morphologically,  no  connec- 
tion with  the  parts  which  immediately  underlie  it,  and  when 
we  further  consider  that  the  whole  of  it  is  within  the  sweep 
of  the  antenniB,  which,  when  intact,  reach  as  far  back  as  the 
second  or  third  abdominal  somite.  At  the  anterior  and  in- 
ferior part  of  the  carapace,  however,  the  seta  are  larger  and 
more  numerous,  and  probably  functional.  When  the  crayfisli 
has  its  back  protected  in  any  way,  its  antenuic  are  directed 
forward,  but  when  its  doraal  surface  is  unprotected  the  an- 
tenna3  are  turned  back  and  lie  along  its  sides. 

Round  the  margin  of  the  carapace,  and  arising  slightly 
beneath  and  behind  its  edge,  is  a  single  row  of  "  fringing 
setse ; "  on  the  dorsal  surface,  wliore  the  carapace  overlaps 
the    first    abdominal    somite,    they   are    shorter,    and    the 


168  Proceedings  of  the  Royal  Physical  Society. 

Becoodaiy  bristles  fewer  and  smaller;  on  the  ventral  sur- 
face they  are  very  long  and  slender,  and  there  are  no 
briatlea  on  the  proximal  half  of  the  stem.  Those  hairs  on 
the  carapace  which  fringe  the  orbit  are  of  the  same  nature. 
In  this  aituation  they  function  evidently  as  a  sifting  appa- 
ratus, to  prevent  the  entrance  of  any  large  foreign  bodies, 
especially  where  they  overhang  the  bases  of  the  thoracic 
appendt^^  and  fill  up  the  slight  interval  between  these  and 
the  margin  of  the  branchiostegite ;  and,  while  they  admit  of 
the  free  ingress  of  water  to  the  branchial  chamber,  they  bar 
the  way  to  any  organisms  or  inorganic  particles  that  are  not 
of  microscopic  size. 

Ezperimmtal. — The  carapace  is  impervious  to  tactile  im- 
pressions, as  it  is  modified  for  protective  purposes,  and  the 
antenDse  take  the  place  of  tactile  setw. 

Dorsal  mrface  of  Abdominal  Somites. — The  dorsal  surface 
of  the  first  two  somites,  which  are  still  within  the  reach  of 
tlie  antenniG,  are  almost  entirely  free  from  tactile  setse ;  but 
each  succeeding  segment  has  a  greater  number  of  groups  of 
tactile  setes,  precisely  similar  to  those  in  the  great  claw,  but 
as  a  rule,  with  fewer  setEe  in  a  group — averaging  from  six  to 
twelve.  They  are  directed  backwards,  and  lie  at  an  acute 
angle  with  the  surface  of  the  cuticle ;  they  are  most  numerous 
on  the  surface  of  the  telson.    There  are  no  tubercles  on  these 
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posterior  mai^ns  of  the  pleura  there  is  a  slight  re-entering 
of  the  angle,  and  from  tliia  depreBsion — that  is  to  say,  on 
the  very  edge  of  the  free  margin  above  and  exterior  to  the 
fringijig  sette — springs  a  single  group  of  very  stout  tactile 
setie,  generally  not  exceeding  sis  in  number. 

Tke  Caudal  Fan. — By  this  name  we  may  speak  of  the 
Bwimmerets  of  the  6th  pair  and  the  telson,  and  here  we  find 
a  very  great  development  of  tlie  tactile  setse.  Taking  the 
telson  as  au  example,  we  find  at  the  posterior  margin  an 
irregular  row  (perhaps  really  two  rows)  of  fringing  setm, 
which  are  very  long  and  strong,  and  dorsal  to  them,  and 
therefore  exterior  when  the  abdomen  is  flexed  or  semiflexed, 
two  irregular  rows  of  tactile  selce,  not  arranged  in  groups,  but 
apringing  iu  au  almost  continuous  series.  The  two  rows 
differ  in  size  ;  those  of  the  proxiiual  or  dorsal  row  are  short, 
like  those  of  the  groups  ;  those  of  the  distal  or  more  ventral 
row  are  long  and  stout.  The  same  arrangement  is  repeated 
on  the  endopodites  and  exopodites  of  the  6th  pair  of  swim- 
merets.  The  fringing  setae  pass  up  for  some  distance  along 
the  margins  of  all  the  elements  of  tlie  fan  ;  the  tactile  sette 
are  altogether  confined  to  the  free  edge  of  the  fan ;  and  on 
the  exopodite  they  are  not  found  beyond  the  point  where, 
in  the  ordinary  state  of  extension,  it  is  overlapped  by  the 
endopodite ;  while  on  the  telson  these  characteristic  mai'ginal 
tactile  sets  cease  from  the  point  where  it  overlaps  the  endo- 
podite. Thus  there  is  a  complete  fringe  of  tactile  setfe  along 
the  free  margin  of  the  caudal  fan.  On  the  under  surface  of 
the  caudal  fan  there  are  a  few  small  groups. 

Experimental— Thfi  pleura  are  sensitive  at  the  extremities, 
and  the  tufts  there  are  brought  close  together  when  the 
abdomen  is  flexed  (its  usual  position) ;  there  is  thus  no 
overlapping.  Lemoine  {loc.  cil.)  says  that  "  les  palettes  de  la 
queue  "  are  especially  sensitive,  and  remarks  tliat  they  have 
a  fringe  of  hairs  which  are  very  susceptible  to  tactile  impres- 
sions. This  observation  I  have  frequently  confii'med,  and 
the  presence  of  the  numerous  tactile  setjE  fully  explains  it. 
1  may  add.  to  show  the  extreme  sensitiveness  of  this  part, 
that  if,  when  the  animal  is  lying  quietly  on  its  back,  any 
part  of  the   edge  of  the  fan   be  simply  pressed  with  the 
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fingers,  the  creature  instantl;  flexes  its  whole  body  on  the 
abdomen,  and  the  greatest  quickness  is  necessary  in  removing 
one's  fingers  out  of  the  reach  of  its  claws.  The  invariable 
position  of  the  tactile  setie  of  the  abdominal  somites  ouittde 
the  fringing  hairs  is  worthy  of  remark.  While  the  appendages 
of  the  head  and  thorax  form  a  sort  of  tactile  zone  round 
those  parts  of  the  body,  the  abdomen,  though  less  well  pro- 
vided with  tactile  limbs,  has  also  a  tactile  zone  of  a  more 
simple  kind. 

SvnmmertU. — On  the  coxopodite,  which  is  very  small, 
there  are  no  tactile  setse ;  on  the  basipodite  there  are  a  few 
small  irregular  groups ;  but  on  the  endopodite  and  exopodite, 
on  which  the  arrangement  is  practically  identical,  both  the 
tactile  and  fringing  setfe  are  very  numerous,  and  it  ie  here 
that  their  relation  to  other  parts  may  most  readily  be  made 
out  The  fringing  aetse  are  arranged  in  a  single  row  along 
the  margin  and  across  the  apex,  standing  on  their  character- 
istic pedestals.  They  have  tlieir  flat  surface  in  the  same 
plane  as  the  flat  surface  of  the  swimmeret,  and  increase  its 
surface.  Here  the  tactile  seta:  are  most  numerous  and 
longest  at  the  apex,  and  are  present  in  about  equal  numbers 
on  both  the  anterior  and  posterior  surfaces  of  the  appendages. 
They  stand  singly,  as  the  cuticle  is  thin,  and  pass  back  a 
short  distance  up  the  Joint,  tlie  pio.\iiiJi>l  ones  beio^  nmclt 
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In  Thysanopoda,  a  free-swimming  form,  there  is  obviously 
little  need  of  a  complete  sensitive  investment,  and  here  we 
find  the  tactile  sette  concentrated  in  the  fore-part  of  tlie 
animal,  and  only  present  on  the  tips  of  the  thoracic  appen- 
dages, on  the  gnathites,  and  on  the  two  pairs  of  autennaj, 
which  are  richly  furnished  with  them ;  and  which,  as  they  are 
very  long  and  mobile,  compensate  the  animal  (in  the  same 
way  aa  in  the  carapace  of  Astacus)  for  the  want  of  tactile 
8et)E  on  the  posterior  sonntes. 

In  the  creeping  forms,  on  the  other  hand,  such  as  Hotnarvs 
and  Astacus,  the  necessity  for  being  able  to  receive  tactile 
impressions  from  without  is  evidently  much  greater,  when  at 
any  moment  danger  may  threaten  these  animals  from  anion^ 
the  rocks  and  stones  where  they  live;  and  where,  aa  in 
HomariLs,  the  integument  is  so  thick  and  strong  that  tlm 
animal  may  practically  disregard  most  enemies,  the  tactile 
setee  are  found  thickly  set  at  a  few  points  only ;  while  in 
Astficiis  the  relative  thinness  of  the  integument  has  brought 
about  a  ranch  wider  distribution  of  tactile  setie. 

Nervous  Apparatus. 
I  have  studied  the  nerve-endings,  more  especially  in  the 
"  hand  "  of  the  great  claw,  as  in  that  portion  of  the  propodite 
or  6th  joint,  which  is  prolonged  to  oppose  the  dactylopodite, 
there  is  a  mass  of  connective  tissue,  which  can  be  drawn  out 
from  the  hard  cuticle  and  subjected  to  various  methods. 
That  which  1  found  most  useful  was  preliminary  treatment 
with  a  saturated  solution  of  corrosive  sublimate,  staining  in 
toto  with  various  dyes,  and  then  embedding;  in  paraffin,  by 
which  means  I  was  enabled  to  obtain  several  complete  series 
of  sections  in  various  directions.  I  have  also  studied  fresh 
sections,  and  have  treated  the  tissue  with  osraic  acid,  chloride 
of  gold,  and  other  re-agenta. 

The  nerve  of  the  limb  divides  in  the  swollen  part  of  the 
propodite  into  too  large  branches,  one  of  which  goes  to  the 
dactylopodite,  the  other  to  the  "  anvil "  of  the  propodite. 
These  nerves  run  at  the  sides  of  the  limb  (their  course  is 
shown  somewhat  diagraramatically  in  PL  IX.,  Fig.  17),  giving 
ofl"  branches  to  the  flexor  and  extensor  muscles  of  the  dacty- 
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lopodite.  At  tiie  point  where  the  nerve  to  the  "anvil" 
leaves  the  portioa  takea  up  by  muscle  and  enters  the  mass 
of  connective  tissue,  there  is  a  small  ganglion  upon  it,  con- 
aisting  of  three  or  four  cells  of  the  ordinary  type,  surronaded 
by  a  connective  tissue  envelope,  and  disposed  irregularly  in 
the  course  of  the  nerve.  I  shall  have  more  to  say  of  the 
function  of  this  later  on. 

The  nerve-endings  are  surrounded  by  blood-sinuses,  and 
are  slung  in  these  by  trabecule  of  connective  tissue,  and  the 
surface  of  the  nerves  and  nerve-endings  is  covered  with  a 
continuous  endothelium,  which  may  be  demonstrated  by  in- 
jection from  the  heart  with  nitrate  of  silver  solution,  when 
the  characteristic  pattern  becomes  evident.  The  nerve-fibrea 
are  directly  continuous  with  the  tactile  end-organs,  which  lie 
usually  at  an  acute  angle  with  the  surface  of  the  liypodermis, 
in  continuation  of  the  direction  of  the  nerves  themselves  («« 
PL  VIII,,  Fig.  3).  They  vary  considerably  in  length,  from 
O'l  mm.  to  0-2  nim.,  and  eiiceed  the  nerve-fibres  slightly 
in  breadth,  but  not  very  greatly;  that  is,  they  are  from  "OlS 
mm.  to  '030  mm.  The  largest  are  those  nearest  the  tip  of 
tlie  claw  where  the  setfe  in  the  tactile  tufts  are  most  nume- 
rous. They  are  approximately  cylindrical;  are  surroouded 
by  a  homogeneous,  highly-refracting  membrane,  continuous 
t'ith  the  trabecula?  of  the  connective  tissue  which  sling  the 
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Ttie  unclei  themselves  are  large,  ovoid,  grauular,  and  contain 
one  or  more  nucleoli,  which  refract  light  very  strongly,  and 
usually  lie  at  the  periphery  of  the  Ducleus  (it  is  possible  that 
they  do  bo  always,  and  that  their  occasional  apparently 
central  position  ia  merely  due  to  the  fact  of  their  being  seen 
on  the  top  of  or  through  the  nucleus).  At  the  proximal  end 
of  the  tactile  organ,  the  nerve-fibrils  break  up  and  beconje 
continuous  with  the  protoplasm  in  the  way  that  has  been  so 
frequently  described  and  figured  in  connection  with  ganglion- 
cells,  and  at  the  distal  end  the  process  is  reversed,  and  tbe 
nerve-fibre  is  re-formed,  and  is  of  about  the  same  size,  and 
has  the  same  structure  as  when  it  entered  the  end-organ. 
It  then  bends  round  and  passes  through  the  hypodermia  in  a 
direction  approximately  at  a  right  angle  to  its  surface;  in 
the  last  part  of  its  course  it  comes  into  contact  with  an  in- 
growth of  the  hypodermis  cells,  which  is  probably  the  "hair- 
tube  "  of  Hensen  and  Brann. 

From  a  careful  comparison  of  the  position  of  the  tufts  of 
setiB  on  the  outside  of  tbe  claw  and  the  nerve-endings  within, 
and  from  an  examination  of  decalcified  preparations,  I  have 
come  to  the  conclusion  that  there  are  generally  three  or  four 
nerve-end  organs  to  each  of  tbe  larger  tufts  of  eetfe ;  at  any 
rate,  if  the  tuft  does  not  consist  of  more  than  half  a  dozen 
setEe  or  so,  one  eud-organ  seems  to  suffice.  The  way  in 
which  the  nerve  ia  connected  with  the  setae  ia  the  same  in 
both  cases.  Tiiia  concentration  is  curious,  and  seems  to  run 
parallel  with  tbe  collection  of  the  sette  into  tufta.  Each 
nerve-fibre,  after  leaving  the  end-organ,  and  passing  after  a 
shorter  or  longer  course  through  the  hypodermis,  divides  into 
several  branches,  one  for  each  seta  which  it  supplies,  and 
these  enter  tbe  canals  which  traverse  the  integument,  and 
whose  presence  lias  been  demonstrated  by  Vitzow  and  others, 
and  which  I  shall  for  convenience  call  "  nerve-canals."  The 
hypoderiitis  does  not  enter  these  canals,  which  are  only  large 
enough  to  admit  the  nerve-fibre.  Tbe  nerve-filaments  run 
on  to  the  slight  dilatation  of  tlie  canal  which  underlies  the 
"  areola  "  of  the  seta ;  here  they  seem  to  swell  slightly,  and 
then  they  enter  the  lumen  of  the  seta,  which  is  in  direct 
communication  with  the  lumen  of  the  canal     The  nerve- 
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fibril  does  not  pass  up  the  whole  length  of  the  interior  of  the 
Beta ;  moreover,  from  the  manner  of  formation  of  the  eeta,  it 
wonld  be  difBcult  to  conceive  of  a  continuation  of  the  fibril 
up  the  lumen.  The  granular  appearance  which  LeTdig 
tirst  remarked  in  the  interior  of  aimilar  sebe,  and  considered 
to  be  due  to  a  "  nervous  substance,"  is  due  (when  it  is  pre- 
sent) to  the  products  of  the  breaking  down  of  Braun's  "  hair- 
papilla." 

There  is  not,  however,  such  a  definite  and  easily  visible 
point  of  attachment  as  that  which  Hensen  describes  in  the 
auditory  setie,  and  calls  the  "  lingula"  (see  bis  figures  17,  20, 
80,  etc.) ;  the  manner  of  attachment  is  shown  in  Fig.  12. 
The  nerve  is  attached  or  opposed  to  an  oval  surface  (Hensen 
describes  his  "  lingula  "  also  as  an  "  extended  oval ")  a  very 
short  distance  from  the  base  of  the  seta,  but  distinctly  in 
the  lumen.  The  lingula  projects  sliglitly  into  the  lumen, 
and  if  sebe  be  broken  off  under  the  microscope  near  the  base, 
and  a  staining  agent,  such  as  safTranin,  be  then  applied,  it  ia 
stained  deeply.  Of  the  nature  of  the  raode  of  attachment, 
further  than  that  the  end  of  the  nerve-fibre  lies  against  this 
spot,  and  is  evidently  intimately  connected  with  it,  I  can 
give  no  account.  This  nervous  connection  is  evidently 
homologous  with  Hensen's  "  chorda,"  but  differs  from  it  in 
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would  have  found  that  they  invariably  possess  a  lumen. 
Their  appearance  so  closely  corresponds  with  Braun'a  own 
figure  (/oc.  cil,  Taf  VIII.,  Fig.  5)  of  a  salivary  gland  from 
the  (esophagus,  that  I  refrain  from  drawing  them. 

There  are  uanally  two  lohea,  sometimes,  however,  four  or 
more,  and  the  lumina  of  the  ductules  converge  to  a  point, 
usually  about  the  middle  of  the  body,  where  they  fall  into  a 
common  duct,  which,  piercing  the  superjacent  connective 
tissue  and  integument,  opens  on  the  external  surface  of  the 
claw.  At  the  point  where  the  main  duct  arises  there  are 
generally  two  or  three  large  nuclei  dilferent  in  appearance 
to  those  of  the  proper  cells,  but  of  whose  nature  I  am  not 
certain.  They  probably  have  formed  the  duct,  and  now  re- 
main as  part  of  its  wall.  The  foim  of  these  proper  cells  is 
as  Braun  describes  it,  and  the  part  nearest  the  lumen  ia 
usually  full  of  strongly  refracting  granules.  From  the  above 
facts,  and  since,  moreover,  these  bodies  are  surrounded  by 
blood-sinuses — as  indeed  all  actively  functional  parts  in  the 
crayfish  are — I  consider  myself  entitled  to  regard  them  as 
glandular,  though  what  is  the  nature  of  their  secretion  or 
excretion  I  cannot  venture  even  to  conjecture. 

It  may  be  noticed  here  that  Claus'  describes,  in  the  thoracic 
appendages  of  Phronima,  glands  opening  to  the  exterior,  and 
precisely  similar  to  the  salivary  glanda,  which  he  also  figures. 
Though  these  are  much  simpler  than  the  glands  in  Astaats, 
they  are  yet  very  like  them;  they  have  the  same  kind  of 
duct  and  the  same  nuclei  at  the  root  of  the  duct.  The  main 
difference  is  that  in  Phronima  the  ductules  are  intra -cellular, 
in  Astaeus  inter-cellular.  Claua  suggests  that  these  glanda 
in  the  legs  secrete  saliva,  or  something  Kke  it,  which  ia 
uiised  with  the  food  before  actual  ingestion;  but  I  think 
that  this  must  at  present  be  left  undecided. 

Oanfflion  of  the  Great  CJaw.  — With  regard  to  the  ganglion 
on  the  nerve  running  to  the  claw,  I  was  for  some  time  of  the 
opinion  that  it  might  possibly  be  a  retiex  centre  for  the 
closing  of  the  pincers,  and  that  nerve-fibrea  might  pasa  from 
it  to  the  great  flexor  or  adductor  muscle  of  the  dactylo- 

'  Dor  Orgtnismm  der  Plironitniilen,  Arbeiteo  n.  d.  Zool.  last.  Vikn  II., 
1879,  pp.  17-13.  figs.  11,  10.  etc, 
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potlite ;  but  a  few  experiments  convinced  me  that  the  centTe 
for  this  action  was  in  the  central  nervous  system,  and  pro- 
bably in  the  ganglion  of  the  cord  corresponding  to  the  great 
claw.  I  found  that  if  I  divided  the  nerve  in  the  appendage, 
or  destroyed  the  ganglion  corresponding  to  the  claw  through 
the  sternal  wall,  while  the  peripheral  ganglion  remained 
intact,  DO  amount  of  stimulation  of  the  tufts  of  sette  would 
bring  about  closing  of  the  pincers.  One  is  therefore,  1  think, 
entitled  to  regard  this  ganglion  as  sensory  in  function,  which 
opinion  also  its  position  confirins,  since  it  lies  on  the  nerve 
at  a  point  proximal  to  the  junction  witli  it  of  all  the  Bensory 
nerves  returning  from  the  tufts  of  aetoe  in  the  "  index "  of 
the  propodita  It  therefore  probably  collects  the  impressions 
from  the  ultimate  nerve-end  organs,  and  transmits  them  to 
the  central  nervous  system. 

The  Genealogy  op  the  Set.e. 
It  is,  perhaps,  rather  premature  to  attempt  to  trace  the 
genealogical  relationship  of  the  sets?,  but  I  shall  make  ao 
attempt  to  do  so  from  data  furnished  by  my  own  researches 
and  those  of  others.  1  regard  a  form  nearly  allied  in  struc- 
ture to  the  fringing  setie  as  moat  primitive,  since  these 
present  less  evidence  than  any  other  of  tlio  aetie  of  difieren- 


Afr  GuUanil  on  Ike  Sense  vf  Touch  in  Astacus. 


177 

fringing  seta  waa  developed  by  tliB  loss  of  the  nei-ve-filament 
in  eituationa  where  increase  of  surface,  straining,  or  other 
iiiechanical  function  was  necessaiy,  hy  the  seta  heconiing 
flatter  and  longer,  by  a  slight  complication  of  the  articulation, 
and,  at  a  comparatively  late  stage  and  in  conse(|uence  of  the 
loss  of  the  nerve,  hy  the  closure  of  the  lumen. 

From  the  primitive  form,in  another  direction,  were  developed 
the  various  sensory  aetsa  ;  all  the  seta;  which  remained  sensory 
were  probably  primai'ily  tactile,  since  the  sense  of  touch  is 
undoubtedly  the  most  ancient  and  most  widely  diffused  of  the 
senses,  and  from  tfiis  form  the  secondary  tactile,  auditory,  and 
olfactory  setse  were  evolved.  The  auditory  setse  retained  the 
side  bristles,^  probably  because  these  were  useful  in  collecting 
minute  vibrations  in  the  surrounding  fluid,  but  developed  a 
complicated  mode  of  articulation  (Hensen,  loc.  cit),  and  were 
(in  Astacus)  confined  to  a  closed  sac  on  the  antennules,  where 
their  extremities  were  imbedded  in  the  otoliths. 

In  another  direction  diverged  a  form  from  which  the 
olfactory  and  tactile  setaj  were  developed  by  another  process 
of  separation.  The  characteristics  of  this  intermediate  form 
were  the  mode  of  articulation,  which  differed  only  in  the 
amount  of  movement  allowed  from  that  of  the  fringing  seta — 
and  waa  thus  much  simpler  than  that  of  the  auditory  seta — 
and  the  entire,  or  almost  entire,  loss  of  the  secondary  bristles. 
From  this,  again,  the  olfactory  set^  were  developed  in  one 
special  and  sheltered  position,  the  anteunule.  They  retained 
the  flat  shape,  and  in  moat  forms  have  entirely  lost  the 
secondary  bristles,  but  in  Thysanopoda  (PI,  VIII.,  Fig.  6,  a,  b) 
a  few  of  these  have  been  retained  on  one  side,  to  testify  to 
the  origin  of  the  setie.  On  the  other  hand,  the  tactile  setie 
were  developed  wherever  the  animal  would  have  to  come  in 
contact  with  rougher  impressions,  and  therefore  appeared 
mainly  at  the  sctTemilUs  of  the  appendages,  so  as  to  give  the 
animal  us  long  a  warning  as  possible  of  the  neai'uess  of 
danger  or  difficulty.  These  aeUe  have  completely  lost  the 
secondary  bristles,  tliough  a  reversion  to  the  ancestral  type, 
or  survival  of  it,  is  to  be  seen  in  the  occa-sional  slight  serra- 
tion of  the  distal  portion  in  both  Astacus  and  Thysanopoda. 
>  Of,  Himltir,  t'rajfisli,  I).  117  ;  and  llcjiacti,  lot.  eit.,  [i,  318,  an.l  Fig.  38. 
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They  have,  moreover,  had  to  become  as  strong  aa  posaible,  in 
order  to  resist  the  rough  usage  to  which  they  are  uecessarily 
exposed,  and  have  therefore  become  cylindrical,  and  have 
greatly  thickened  their  walls  at  .the  expense  of  the  lumen. 
They  have  also  greatly  adapted  themselves  to  the  circumstances 
of  their  position  in  regard  to  length,  stoutness,  and  amoont  of 
aggregation ;  the  details  of  this  adaptation  have  been  given 
elsewhere  I  need  scarcely  say  that  the  intermediate  forms 
above  described  are  not  to  be  found  in  the  adult  Attaeua;  it 
would  be  interesting  to  seek  them  in  young  stages.  I  append 
a  tree  presenting  in  tabular  form  the  result  of  the  reflections 
given  above : 

Anditoi7  Sets. 

Olfactorj  9«ta. 

Toctiln 


Primary  TsctiU  Seta. 
I 


1     I 
PrimitiTs  Seta. 


With  regard  to  this  loss  of  secondary  bristles  in  the  tactile 
setiE,  it  is  interesting  to  compare  the  figures  of  Qrobben, 
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(lipteroua  larva  among  aimplB  setre  one  feathered  along  one 
side,  and  this  must  be  developed  at  the  completion  of  the 
metamorphoaia  into  the  strong  seta?  closely  resembling  the 
tactile  setfR  oi  Astacu3,  which  Leydig'  has  figured  in  Musca 
vomiforia.  The  undoubtedly  tactile  seta  which  Claua  figures 
in  Sida  (see  PI.  VIII.,  Fig.  9)  shows  a  slight  feathering  or 
serration,  which  in  this  low  crustacean  is  probably  only  in 
process  of  disappearance. 

Exi'LANATION   OF  PLATES. 
Platb  VII  T. 

Fig.  1.  Tiictile  aeta  fi'oni  grent  claw,  Been  from  abavo. 

Fig.  2.  Slanted  frioging  seU  from  great  dsn-. 

Kg.  3.  NervB-flniling  from  claw  of  Aitaeui,  h,t.,  blood-eorpn«cle ;  ff.n., 
nucleus  of  gsnglioD-cHll ;  it«r,  n,,  nudeus  of  nerre-fibte  ;  e.i.,  conn.  tiss. 
trabecule;  e.t.e.,  conn.  tisa.  corpusclo;  cwL  n.,  uadeua of  Bntlotlielium. 

Fig.  4.  Tuft  of  tactile  sctee  from  great  cUw. 

Fig.  6.  Nerve  (trotn  daw}  diyiding  to  enter  three  nervB-onclinga.  hy., 
hyiwdernlis  cells  ;  JV.,  nerve  ;  g.n.  and  ner.  a.  (aee  Fig.  3). 

Fig.  6.  Olfictory  seta  from  antennule  of  ThyaaHopodii,  showing  fcstlioring 
on  one  side;  0.,  olfactory  Beta;  T.,  tactile  seta;  a.,  fiom  tbe  aiilo  ;  b.,  olfac- 
lorj  seta  from  ttie  front. 

Fig,  7,  Peculiar  fringing  seta  fram  uiaiillipede  of  AAofua. 

Pig,  8.  Tactile  seta  of  Bnmehipaa  (after  Leydig)  to  show  the  nerve-onding. 
Ot.,  gangl  ion -cell ;  Mai.,  Diatrit  (liTpodemiiii)  cells  ;  T.,  tactile  aetu. 

Fig.  9.  Tactile  seta  of  Sida  (after  Clsos),  Oi..  Mat.  (as  alave) ;  4f., 
"axial   thread"  (Achsenfaduu) ;   Ma.,   "eztensioa  of  the  matrix  into  the 

Fig.  10.  Tactile  sets  of  PtyAopUra  (after  Grobbcn). 
Plate  IX. 

Fig.  ]  1.  Tactile  sotie  of  Corilhra  (after  Weismunn),  to  show  the  gradation 
from  the  feathered  to  the  nnfeatliorod  form. 

Fig.  12.  Smalt  tactile  aetfe  of  jistaean.  a.,  from  a  awimmeret ;  Ay.,  liypo- 
dermis  cells;  Jf,,  nerve;  i.,  from  thi-  palp  of  tlie  mandible,  sbowiug  serrntion. 

Fig.  18.  Ringing  seta  from  the  sicte  of  a  swimmeret,  too  long  to  be  figored 
entire,    iitt.,  integument;  cl.p.,  closing  plate  (seen  from  tlie  anterior  surface). 

Fig.  14.  Tbe  two  distal  joints  of  a  thoracic  np^wndage  of  Thyaanopvdn. 
T.,  tautile  auta  ;  t'.,  fringing  seta. 

Fig.    15.  Tactile  aeta  from   thorncic    uppotiJage  of  Tht/sanajwda   to   show 

slight  feathering. 

Fig.  16.  Fringing  aeta  of  TKytanopoda,  too  long  to  draw  in  its  entirety- 
Fig.  17.  Diagram  of  tlio  coarse  of  the  nerve  {N.)  in  the  paspodite  and 
dactyl opodite  of  4lh  thomcio  appendage  of  Aiilaciii,  and  of  the  iiosition  of 
theUctilfl  tnFts(7'.i.).     O,.  ganglion.     The  moscles  are  coloured  pinli. 
Fig.  18,  Short  and  atont  tactile  sets  from  1st  maxilla  of  Aataciu, 
'  Znr  Aualnmia  dor  Inaccteu,  Taf  IV,,  Fig.  3S. 
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as  does  a  third  radial  (R  3).  There  are  thuB  two  third 
brachial  plates  supported  by  the  triangular  second  brachial, 
and  each  of  these  two  third  brachials  is,  of  coarse,  the 
starting-point  for  a  long  series,  and  thus  the  division  of 
the  arm  is  brought  about.  It  ia  interesting  to  note  the  be- 
haviour of  the  syzygies  under  these  circumstances.  Normally 
a  syzygy  occurs  between  the  third  and  fourth  brachial  plates, 
or,  perhaps,  more  correctly  speaking,  in  the  middle  of  the 
third  brachial;  in  this  divided  arm  each  of  the  two  third 
brachials  haa  a  eyzygy  (Fig.  2  Sg).  The  second  brachial 
plate  supporting  the  two  halves  of  the  divided  arm  bears 
no  pinnule,  as  it  normally  does,  but  in  each  of  the  two  halves 
of  the  divided  ann  the  first  pinnule  is  given  off  on  the  out- 
side, immediately  above  the  syzygy  (vide  Fig.  2), 

The  fourth  and  fifth  arms  of  the  right  baud  side  arise  in  a 
perfectly  normal  manner.  On  the  left  liaud  side  the  first, 
second,  and  third  arms  arise  as  usual ;  the  fourth,  however, 
behaves  jnst  like  the  third  arm  of  the  right  side — that  is  to 
say,  the  second  brachial  acts  like  a  third  radial,  and  bears 
two  third  brachials.  The  only  difference  concerns  the 
ayzygies,  and  consists  in  the  development  of  an  extra  syzygy 
in  the  anterior  half  of  the  divided  arm  (Fig.  2,  L.  4  a),  in  the 
position  shown  in  the  figure  {Sg)}  The  filth  arm  of  the  left 
hand  side  arises  as  usual. 


of  the  Shorelark  in  Hast  Ltithian. 


XII.  Notes  on  the  Occvrrence  of  the  Shorelark  (Otocorya 
alpestris)  in  £asl  Lothiaii.  By  Mr  George  Pow.  [Com- 
municated by  William  Evans,  Esq.,  F.K.S.E.]  (Specimen 
exhibited.) 

(Read  17lh  Febrimry  1888.) 

On  30th  January  1886  a  Hock  of  six  ahorelarks  was 
observed  by  my  friend,  Mr  R  R  Sutter,  East  Barua,  to  rise 
from  a  6eld  of  barley  stubble  near  Thomtonloch,  about  five 
miles  to  the  eastward  of  Dunbar.  The  field  lies  adjacent  to 
the  sea,  and  the  birds  had  settled  in  a  slight  hollow  about  a 
hundred  yards  from  the  beach.  They  were  in  company  with 
about  a  score  of  skylarks,  and  on  the  fiock  being  disturbed, 
the  species  separated.  Mr  Sutter  distinguished  the  shore- 
larks  from  the  skylarks  by  their  heairier  Sight,  and,  following 
them  up,  was  successful  in  securing  two  specimens,  both  of 
which,  I  am  informed  by  Mr  Evans,  who  dissected  them, 
were  males.  One  of  them,  through  the  kindness  of  Mr 
Sutter,  is  now  before  the  Society.  The  other  is  very  similar 
to  it  in  plumage. 

A  week  later,  in  company  with  Mr  Evans,  I  went  over  the 
ground  where  these  specimens  were  got,  but,  in  spite  of  a 
diligent  search,  none  of  the  remaining  birds  could  be  dis- 
covered among  the  numerous  skylarks,  etc.,  which  we  raised. 
Tliat  they  were  still  in  the  neighbourhood  was,  however, 
beyond  doubt,  for  on  returning  to  the  field  after  about  an 
hour's  absence,  we  came  upon  the  remains  of  one  newly 
killed — presumably  by  a  hawk  tliat  we  had  observed  hunting 
in  the  vicinity.  In  addition  to  the  usual  mass  of  feathers, 
the  remains  consisted  of  the  sternum  and  otlier  bones — all 
most  perfectly  divested  of  the  flesh,  but  with  the  wings  aud 
legs  still  attached — and  the  stomach.  The  bead  appeared 
to  have  been  entirely  swallowed,  Mr  Evans  informs  me  that 
the  stomachs  contained  the  seeds  of  an  Atriplex,  a  Polygonum 
and  a  small  leguminous  plant,  together  with  a  few  of  tlie 
cotyledons  or  first  leaves  of  some  i)lant,  all  mixed  with  a 
copious  supply  of  grains  of  quartz.  From  the  throat  of  one 
of  the  birds  I  took  two  grains  of  barley. 

The  first  recorded  Scotch   killed   shorelark  was  a  male. 
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shot  by  Mr  Evans'  father  near  the  mouth  of  the  Tyne,  East 
Lothian,  on  or  about  10th  January  1859,  and  exhibited  at  a 
meeting  of  the  Royal  Physical  Society  on  the  27th  of  April 
following.  This  specimen,  which  is  preserved  under  the  foot 
of  a  shrike,  still  forms  part  of  the  collection  of  the  late  Br  C. 
Nelson  of  Pitcox,  near  Dunbar,  to  whom  it  was  presented. 
Since  then  the  species  has  been  captured  on  two  other  occasions 
in  the  Tyne  estuary — namely,  during  the  winters  of  ISBQ-VO 
and  1879-80,  and  twice  at  the  mouth  of  the  Eden,  near 
St  Andrews— namely,  in  the  winters  of  18G5-66  and  1809-70. 
Mr  M'Leod,  of  Belhaven,  Dunbar,  informs  me  that  he  saw 
several  in  company  with  skylarks  also  on  Tyne  sands  in  the 
winter  of  1877-78.  The  species  does  not  appear  to  have 
ever  been  observed  in  any  other  parts  of  Scotland. 

XIII.  On  the  Occurrence  of  the  Great  Snipe  (Scolopax  major) 
near  Glasgmo  in  May  1885.  By  WlLLlASl  Evans,  Esq., 
r.R,S.E.     (Specimen  exhibited.) 

(Bead  17th  Mnrch  1886.) 

On  IGth  May  last  (1885)  a  pair  of  great  snipes,  male  and 
female,  were  shot  on  rough  pasture  at  Clydebank,  on  the 

!  of  tlie  rivtr.  about  four  miles  liuiow  ( 
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the  occurrences  are  so  few  and  uncertain  that,  for  the  present 
at  any  rate,  we  would  scarcely  be  justified  in  classing  it  as 
other  than  an  irregular  visitor  on  spring  and  autumn  migra- 
tion, though  it  is  highly  probable  that  the  bird  ia  not  iinfre- 
quently  shot  by  sportsmen  who  do  not  discriminate  between 
it  and  the  common  species — its  larger  size  exciting  little  or 
no  surprise  in  view  of  the  great  variation  known  to  exist  in 
this  respect  among  individuals  of  our  native  snipe. 

An  examination  of  the  records  of  the  occurrence  of  the 
great  snipe  in  our  islands  shows  that  it  has  been  observed 
far  oftener  in  autumn  than  in  spring ;  and,  indeed,  the  chief 
interest  attaching  to  the  two  specimens  which  form  the  sub- 
ject of  this  note,  is  that  they  are  believed  to  be  the  first 
which  have  been  obtained  in  Scotland  in  the  latter  season  of 
the  year.  Tlie  fact  that  they  wered  pair,  male  and  female, 
and  that  they  occurred  at  a  time  when  all  our  native  birds 
were  in  the  midst  of  the  duties  of  incubation,  might  not 
unnaturally  lead  to  the  supposition  that  they  would  have 
nested  with  us  had  they  been  allowed  to  remain  unmolested, 
but  when  we  bear  in  mind  that  it  is  one  of  the  last  birds  to 
arrive  on  its  breeding  grounds  in  the  north  of  Europe — only 
passing  Gibraltar  in  tlie  latter  part  of  April,  and  not  reaching 
Scandinavia  before  the  middle  or  end  of  May,  or  even  till 
the  first  week  of  June  in  the  Arctic  Circle — there  can  be  little 
doubt  that  they  were  merely  resting  on  their  northern  journey. 

Reports  of  the  occurrence  of  the  gi'eat  snipe  in  Scotland, 
which  now  and  again  reach  our  ears,  cannot,  in  the  absence  of 
the  usual  evidence,  be  as  a  rule  founded  upon;  and  I  think 
I  am  within  the  mark  in  saying  that  there  are  not  more  than 
seven  or  eight  authentic  specimens  hitherto  on  record. 
Among  them  is  one  which  was  obtained  at  Torhousemnir, 
Wigtownshire,  on  the  5th  of  September  1874,  and  exhibited  at 
a  meeting  of  this  Society  by  the  late  Dr  J.  A.  Smith  on  17th 
November  following.  The  species  appears  to  have  occurred 
rather  oftener  on  the  east  than  on  the  west  side  of  the 
country,  but  I  am  not  aware  of  any  record  of  its  occurrence 
ia  the  Lothians,  though  it  has  been  obtained  two  or  three 
times  in  Fifeshire,  once  in  Roxburghshire,^  and  once  iu  Ber- 
■  Oil  I5tb  SnpU-mbtr  1636  1  haw  a  fine  Hpecimen  (a  male)  iu  tbo  hniids  of 
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wickshire,  in  which  county  the  Earl  of  Haddington  states 
one  waa  shot  by  hid  father  at  Mellerstain  in  the  autumn  of 
1866,  and  another  seen  by  himself  about  the  same  time  near 
Earlston,  aa  recorded  in  Gray's  "Birds  of  the  West  of  Scotland." 


XIV.  Notes  on  the  Occurrence  of  ike  Stock  Dove  and  White 
Wagtail  in  Hast  Lothian.     By  William  Evans,  Esq. 

[Abstract.] 
Stock  Dove  (Columha  ccnas). — At  the  monthly  meeting  of 
the  Society  held  on  17th  March  1886,  Mr  Evans  exhibited 
a  specimen  of  the  stock  dove,  obtained  near  Longniddry  on 
the  0th  of  January  1886.  When  shot  it  was  feeding  in  a 
wood,  in  company  with  a  number  of  ring  doves,  on  Indian 
corn,  whicli  had  been  placed  there  for  the  pheasants.  On 
dissection  it  proved  to  be  a  male.  The  Society's  Proceedings 
contain  several  valuable  communications  on  the  appearance 
and  spread  of  the  species  in  Scotland,  and  the  interest 
attaching  to  the  present  specimen  lies  in  the  fact  of  its  being 
the  first  recorded  from  East  Lothian,  or,  indeed,  from  any  of 
the  three  Lothians.^  A  second  specimen — a  male— was 
subsequently  netted,  along  with  a  number  of  ring  doves,  in 
the  same  locality  on  5th  March  188G. 
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XV.  On  the  Relation  of  Yolk  to  Blastoderm  in  Teleostean  Fish 
Ova.  By  George  Brook,  Esq.,  F.LS.,  etc.,  Lecturer  on 
Comparative  Embryology  in  the  University  of  Edin- 
burgh. 

(Read  aotli  Jmiunry  18S6.) 

In  January  1885  I  contrihutetl  a  paper  to  the  Quarterly 
Journal  of  Microscopical  Science,  in  whicli  the  view  was  advo- 
cated that  the  hypoblast  in  pelagic  fish  ova  was  not  derived 
from  an  invagination  of  the  archiblaat,  as  has  usually  been 
supposed,  but  was  formed  almost  entirely  from  the  parablast. 
This  view  has  been  received  with  a  good  deal  of  scepticism, 
and  indeed  it  is  entirely  at  variance  with  the  generally  ac- 
cepted theory  of  Teleoatean  development.  Nevertheless  I  was 
from  the  first  thoroughly  convinced  of  the  accuracy  of  my 
statements  so  far  as  the  material  at  my  disposal  was  con- . 
cemed.  Having  during  the  past  twelve  months  had  increased 
opportunities  of  studying  the  early  stages  of  development  of 
several  fishes,  I  have  taken  up  the  subject  de  novo.  The 
results  of  my  inquiry  lead  me  to  reafiirm  with  greater 
emphasis  my  former  position.  Hoffmann,  Agassiz,  Whitman, 
and  others,  have  during  the  past  few  years  made  a  study  of 
the  development  of  pelagic  Teleostean  ova.  With  similar 
material  to  work  upon,  and  in  spite  of  the  greater  accuracy 
of  embryological  methods,  it  is  a  remarkable  fact  that  no  two 
authors  are  agreed  on  a  single  important  point.  It  is  very 
improbable  that  there  is  such  a  great  variation  in  the  early 
stages  of  Teleostean  development  as  the  various  authors  have 
described.  I  do  not  propose  for  the  present  to  enter  into 
any  detailed  discussion  of  the  origin  of  the  parablast.  The 
object  of  the  present  paper  is  to  take  up  the  question  from 
an  entirely  different  point  of  view.  I  hope  to  show  that  a 
careful  study  of  the  nature  and  behaviour  of  the  yolk  in 
meroblastic  ova,  and  a  comparison  with  what  obtains  in 
holoblastic  types,  will  of  itself  throw  very  important  light 
on  the  much-vexed  parablast  question.  For  this  purpose  it 
will  be  necessary  to  glance  at  the  structure  and  growth  of 
the  ovarian  ovum. 
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The  primitive  ova,  when  they  leave  the  germinal  epithelium, 
are  small  simple  cells,  containing  a  large  nucleus,  within 
which  is  a  dense  nucleolus  which  stains  deeply.  The  cell 
protoplasm  is  slightly  granular,  but  has  at  this  time  no  special 
supply  of  food  material  Later  a  follicle  is  formed,  envelop- 
ing each  egg,  which  is  also  derived  from  the  germinal  epithe- 
lium. The  ^g  then  gradually  increases  in  size,  the  follicle 
forming  the  medium  through  which  nourishnient  is  received. 
It  is  important  to  note  that  from  this  time  onwards  the  egg 
contains  a  new  element.  The  cell  protoplasm  increases 
steadily  in  bulk,  but  at  the  same  time  the  excess  of  nutritive 
material  becomes  specially  collected  in  the  form  of  food  yolk, 
which  is  intended  for  the  nourishment  of  the  future  embryo. 
This  food  yolk  is  not  distributed  throughout  the  cell  proto- 
plasm, but  forms  separate  masses,  which  contain  little  or  no 
protoplasm.  The  relative  distribution  of  protoplasm  and 
yolk  in  a  fish  ovum  as  it  approaches  maturity  varies  con- 
siderably. In  the  pelagic  group  of  ova  the  germinal  proto- 
plasm usually  forms  a  comparatively  even  supei-ficial  layer 
around  the  single  large  yolk  sphere.  In  the  herring  and 
some  other  fishes  the  yolk  consists  of  a  large  number  of 
slightly  refractive  spherules,  and  the  germinal  protoplasm  ia 
distributed  as  a  network  between  the  yolk  spheres.  In  the 
Salmonidai  a  relation  exists  which  ia  eomewlmt  intermediate 
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equally  well  for  the  Gadidic,  and  indeed  for  all  pelagic  fish 
ova  which  I  have  examined.  In  the  herring  and  like 
forms  a  similar  arrangement  is  found,  only  that  the  com- 
munication between  protoplasm  and  yolk  la  never  so  com- 
pletely lost  as  in  the  pelagic  ova.  In  the  Salmonidffi,  both 
before  segmentation  commences  and  throughout  this  process, 
a  comparatively  thick  cortical  layer  of  protoplasm  is  found, 
which  is  intimately  connected  with  the  yolk.  Here  ttm 
cortical  protoplasm  has  an  additional  function.  The  yolk 
substance  coagulates  instantly  when  brought  in  contact  with 
water.  The  cortical  protoplasm  acts  as  a  protective  mem- 
brane and  prevents  this  coagulation.  Oellacher  drew  atten- 
tion to  this  point  fourteen  years  ago,  and  also  showed  that 
this  cortical  layer  must  be  regai'ded  as  a  part  of  the  germinal 
protoplasm  of  the  ovum. 

Let  us  now  reflect  on  the  structure  of  a  Teleoatean  ovum 
immediately  prior  to  the  commencement  of  the  segmentation 
process.  Oellacher,  in  the  paper  referred  to,  uses  what  ap- 
pears to  ine  a  very  good  simile.  He  compares  the  mero- 
blastic  ovum  of  the  trout  to  a  gigantic  fat-cell,  the  extension 
of  the  cortical  protoplasm  around  the  yolk  being  regarded  as 
equivalent  to  the  thin  extension  of  the  cell  -  protoplasm 
around  the  fatty  substance  of  the  latter.  There  is  another 
point  of  similarity  which  is  important.  The  fat  contained 
within  tlie  protoplasm  of  the  fat-cell  is  a  store  of  passive 
food  material,  which  can  be  drawn  on  as  occasion  requires. 
Precisely  the  same  relation  exists  between  germinal  proto- 
plasm and  food-yolk  in  the  fish  ovnm,  and  doubtless  also  in 
all  meroblastic  ova.  The  distinguishing  feature  of  a  mero- 
blastic  ovum  is  that  its  coustituent  parts  are  practically 
separated  into  two  distinct  areas — protoplasm  and  yolk. 
The  yolk  is  included  within  the  cell  substance,  but  does  not 
form  an  essential  part  of  it,  so  far  as  its  characters  as  a  cell 
are  concerned.  In  the  meroblastic  ova  of  many  invertebrates 
— for  instance,  in  Peneus — the  yolk  takes  a  more  or  less 
central  position,  while  in  the  fish  ovum  the  yolk,  although 
situated  eccentrically,  is  still  completely  suiTounded  by  the 
cell -protoplasm.  The  difference  between  cenlroledthal  and 
Ulolecitlial  ova  thus  becomes  more  one  of  degree  than  of  kind. 
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Taming  now  to  the  consideration  of  hotobloBtio  ova,  let  as 
glance  at  tbe  structare  of  the  ovum  of  the  Mollueca  and  the 
Amphibia.  In  the  unsegmented  egg  there  ia  no  eeparatioii 
of  protoplasm  from  the  yolk.  Even  after  the  formation  of 
the  first  equatorial  furrow,  when  the  ovum  is  divided  into  an 
animal  and  a  vegetative  pole,  it  can  only  safely  be  stated 
that  the  animal  pole  is  richer  in  protoplasm,  while  the  vege- 
tative is  richer  in  food-yolk.  The  food-yolk  being  distributed 
throughout  the  protoplasm  with  eacli  succeeding  division  of 
the  egg,  cells  are  produced,  which  consist  partly  of  protoplasm 
and  partly  of  yolk.  Each  cell,  in  fact,  carries  its  food  supply 
along  with  it  There  ia  thus  no  special  store  of  nutriment 
in  a  holoblastic  ovum  such  as  is  found  in  a  moroblastic  one. 
A  meroblastic  ovum  is  generally  regarded  as  an  ovum  which 
is  only  prevented  from  segmenting  as  a  whole  by  the  presence 
of  a  preponderating  amount  of  food-yolk.  This  undoubtedly 
expresses  a  part  of  the  difTerence  between,  say,  a  Teleostean 
and  an  amphibian  ovum,  but  not,  as  I  take  it,  the  charac- 
teristic differenca  I  can  conceive  of  an  ovum  containing 
precisely  the  same  proportion  of  food-yolk  to  protoplasm  as 
ia  found,  say,  in  the  egg  of  the  frog,  but  which  would  not  be 
holoblastic  in  its  segmentation.  If,  for  instance,  the  -whole 
of  tlie  yolk  material  in  the  frog  ovum  were  concentrated 
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vegetative  area,  morphologists  have  sought  to  explain  the 
partial  aegmeutation  of  meroblaatic  ova  as  an  extension  of 
the  same  retarding  process.  It  is  usually  stated  that  in  a 
meroblastic  ovuin,  such  as  that  of  the  cod,  the  first  furrow 
theoretically  divides  the  ovum  into  two  equal  parts,  but  that 
practicnlbj  tliia  furrow  is  incomplete  on  account  of  the  over- 
whelming preponderance  of  food  material  in  the  lower  pole. 
To  my  mind  such  a  statement  is  misleading ;  it  presupposes 
an  analogy  which  does  not  exist.  It  is  the  di^erence  in  the 
distribution  of  the  yolk  in  the  two  cases  which  destroys  the 
analogy.  If  the  yolk-pole  of  the  cod  ovum  only  differed 
from  that  of  an  amphibian  in  containing  an  enormously 
greater  proportion  of  yolk,  the  analogy  might  hold  good. 
The  difference,  however,  is  far  greater.  The  yolk-pole  con- 
sists of  one  large  sphere  of  passive  food  material  practically 
void  of  protoplasm,  around  which  there  is  a  thiu  layer  of 
protoplasm,  which  is  part  of  the  germinal  area.  The  outlines 
of  the  two,  however,  are  well  defined. 

To  return  to  the  analogy  of  the  fat-cell.  If  a  cell,  con- 
taining within  its  protoplasm  a  large  fat  vesicle,  were  to 
divide  and  give  rise  to  two  daughter  cells,  no  one  would 
suppose  for  a  moment  that  the  line  of  cleavage  passed  theo- 
retically  through  the  centre  of  the  fat  vesicle.  I  submit  that 
the  case  of  the  cod  ovum  is  precisely  analogous.  I  ain  aware 
that  in  some  fish  ova  the  separation  of  protoplasm  from  yolk 
is  not  so  complete  as  is  the  case  in  the  pelagic  group  of  ova. 
The  protoplasm  and  the  yolk  are,  however,  distinct  from 
each  other,  and  it  is  only  because  certain  protoplasmic  pro- 
cesses are  pushed  in  amongst  the  yolk  spheres  that  the  active 
and  passive  portions  of  the  egg  are  brought  into  closer  union. 
It  appears  to  me,  therefore,  that  there  is  no  benefit  to  be 
derived  by  theoretically  regarding  any  furrow  as  passing 
through  a  mass  of  passive  food  material,  which  is  of  no  use 
to  the  embryo  until  it  has  become  converted  into  active 
living  protoplasm.  This  brings  us  to  the  question,  How  does 
the  food-yolk  become  utilised  in  the  fish  ovum  ?  My  answer 
is,  through  the  agency  of  the  parahlast,  and  probably  through 
that  agency  alone.  I  have  previously  defined  the  parablaat 
as  primarily  consisting  of  that  portion  of  the  germinal  pro- 
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toplosm  which  is  not  included  in  the  germinal  disc.  To 
take,  again,  the  example  of  Trackinus,  the  collection  of 
protoplasm  at  the  upper  pole  (the  lower  as  the  egg  floats)  of 
the  egg  may  be  conveniently  termed  the  yerminai  mound  or 
germinal  area,  ae  the  whole  of  this  protoplasm  is  not  included 
in  the  germinal  disc,  that  is  to  say,  in  the  archiblast.  When 
this  becomes  defined,  there  is  still  left  a  thin  layer  of  the 
original  germinal  protoplasm  around  the  yolk,  which  is  the 
parablaat  If  the  whole  of  the  germinal  protoplasm  were 
included  in  the  archiblast,  it  is  clear  that  any  absorption  of 
nutriment  which  could  take  place  through  the  cell-wall  would 
be  much  too  slow  a  process  for  the  nourishment  of  a  rapidly- 
increasing  organism.  So  long  as  there  is  a  layer  of  naked 
protoplasm  around  the  yolk,  intracellular  digestion  may  take 
place.  As  a  matter  of  fact,  the  cortical  protoplasm  does 
include  particles  of  yolk  material  within  its  substance,  and 
digests  them  there.  In  this  manner  the  food  material  is 
assimilated.  It  thus  becomes  the  special  function  of  the 
parablast  to  act  as  an  intermediate  digestive  area  between 
the  segmenting  archiblast  and  the  passive  food-yolk.  The 
importance  of  this  layer  has  already  been  recognised  by 
Waldeyer  and  others  in  the  development  of  the  chick  and 
other  forms.      It  is  only  amongst  the  students  of  Fish  Em- 
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tlie  formation  of  the  embryo,  and  practically  that  the  nuclei 
of  the  parablast  layer  are  morphologically  functionless.  He 
regards  the  nuclear  materia!  of  the  parablast  as  analogous  to 
that  in  the  yolk-pole  of  a  holoblastic  ovum,  which,  under  its 
new  coniiitiouB,  may  go  on  dividing,  but  which  haa  no  longer 
any  part  to  play.  Others,  headed  by  Genach,  have  shown,  I 
tliink  without  doubt,  that  the  parablast  cells  play  a  prominent 
part  in  the  formation  of  blood  and  the  connective  tiasua 
aeries,  and  in  fishes  the  perivitelline  cireulation  is  probably 
of  parablastic  origin.  In  the  herriug,  cod,  Trachinus,  and 
probobly  the  whole  group  of  pelagic  ova,  there  is,  however, 
no  trace  of  a  vitelline  circulation,  yet  cells  are  produced  in 
the  parablast  of  these  forms  in  the  same  manuer  as  iu  the 
trout.  Further,  these  cells  appear  quite  as  early  iu  the 
herring  and  similar  forms — indeed,  apparently  earlier  in  some 
cases.  What,  then,  can  become  of  these  early  differentiated 
cells  7  In  the  cases  cited  there  is  no  vascular  system  until 
a  late  stage,  so  they  cannot  be  transformed  into  blood  cor- 
puscles, yet  they  most  certainly  do  not  undergo  degeneration. 
There  thns  appears  no  alternative  but  that  the  cells  must 
take  part  in  the  formation  of  the  embryo  itself.  It  thus 
appears  that,  from  a  consideration  of  the  physiological  func- 
tion of  the  parablast,  the  morphological  value  of  this  layer 
is  aeeu  to  bo  more  important  than  has  hitherto  been  admitted. 
I  have  purposely  omitted  here  any  reference  to  Eyder's  theory 
of  "  Ye  Ik -hypoblast,"  because  this  has  reference  only  to  tlie 
absorption  of  that  portion  of  the  food-yolk  which  remains 
unaasimilated  at  the  time  the  embryo  hatches. 


XVI.  Notes  OH  Birds  observed  on  varvnis  Voyages  between 
Enijlmid  and  Che  Cape  of  Good  Hope.  By  Spearman 
SwiNBUitSE,  Esq.  (Commuuicated  by  J.  J.  Daloleish, 
Esq.) 

(Rehd  17th  Fobrnary  1838.) 

The  following  is  a  short  account  of  the  different  birds  seen 

OH  a  seriea  of  voyages  from  Southampton  to  Cape  Town, 

extending  over  a  period  of  two  and  a  half  ycai-a,  from  July 
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1884  to  January  1886.*  It  would  at  first  appear,  from  the 
iminbcr  of  species  given,  that  birds  are  plentiful  at  sea. 
This,  howevet,  is  by  no  means  the  case,  as  particularly  in 
the  Tropics,  we  frequently  pass  days  without  seeing  a  bird, 
and  those  that  are  seen  at  other  times  are  often  single 
spectmetis,  made  out  with  the  aid  of  a  good  glass.  After 
leaving  England  we  generally  see  a  few  British  birds  as  far 
as  Madeira.  As  we  go  south  from  that  island,  birds  become 
scarce,  and  after  we  pass  the  Bijouga  islands,  ia  LaL  11°  K., 
they  disappear  almost  entirely,  to  reappear  again  in  about 
Lat.  15°  S.  From  there  to  the  Cape  they  are  more  common, 
and  round  the  Cape  coast  are  generally  plentiful — numbers  of 
the  Cape  gannet,  yellow-nosed  aIbatross,and  black  petrel  being 
generally  seen  round  the  ship.  Of  the  difTurcut  species  given 
in  the  list,  few  have  been  actually  caught  or  shot  by  mo,  as 
shooting  from  a  steamer  is  of  course  not  generally  permitted, 
and  if  so  it  would  be  useless  to  the  collector,  as  he  would  bo 
unable  to  pick  up  the  birds  when  shot.  Again,  in  port  wo  are 
generally  busy,  and  have  no  time  for  collecting  specimens. 

1.  Falco  subbiUeo,  Linn. — Hobby. — ^Two  seen,  one  in  Lat. 
42°  N.,  Long.  11°  W.,  and  one  in  I/it.  20°  N.,  Long.  17°  W., 
which  latter  alighted  in  the  rigging. 

2.  Strix  Jlamm-ea,  Linn. — Barn  Owl. — One  seen  on  2'iA 
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round  the  ship  on  16th  March  1885,  in  Lat  36°  N.,  Long. 
14°  W. 

7.  Linota  cannabina  (Linn.) — Linnet. — One  seen  29th 
August  1885  in  Lat.  46°  N.,  Long.  8°  W. 

8.  Jimbcriza  cilrindla,  Linn. — Yellow  Bunting. — One  flew 
on  board  on  25th  April  1884  in  Lat  16"  N.,  Long.  17°  30'  W. 

9.  Nectarinea,  sp.  ? — Sunbird,  apparently  a  female,  with 
dull  brownish  plumage  and  light  breast,  seen  on  19th  Octo- 
ber 1885  in  Ut.  17°  N.,  Long.  17°  30'  W. 

10.  CaJTU^iM,  ■  sp.  ? — A  jay,  probably  Cervicalis,  Bp.,  the 
Algerian  species,  observed  on  6th  August  1886  in  Lat.  16°  30' 
N.,  Long.  17°  48'  W. 

11.  Birundo  rustica,  Linn. — Swallow. — Not  uncommon  in 
spring  and  autumn,  but  never  seen  in  large  numbers,  gene- 
rally only  two  or  three  together.  I  have  observed  them 
chiefly  between  Madeira  and  Cape  Verde. 

12.  Chelidon  urUca  {Linn.)^Houae  Martin. — Fairly  com- 
mon in  March,  April,  May,  and  October.  They  are  generally 
seen  in  the  same  latitudes  as  the  swallows,  and  often  in 
company  with  them, 

13.  Cypulvs  apu3  (Linn.) — Swift. — One  seen  on  6th  Atignst 
1886  in  Lat.  16'  30'  N„  Long.  17°  48'  W. 

14.  Turiur  communis,  Selby— Turtle  Dove.— One  alighted 
on  board,  apparently  exhausted,  on  29th  August  1885  in 
I^t.  46°  N.,  Long.  8°  W.  Another  seen  20th  September 
1886  in  Lat.  17°  18'  N.,  Long.  17°  49'  W. 

15.  Columha,  ap.  ?^A  pigeon,  resembling  the  rock  dove, 
flew  about  the  ship  on  16th  November  1885  in  Lat.  13°  N., 
Long.  18°  \V.,  but  did  not  alight. 

16.  Upiipii  epops,  Linn. — Hoopoe. — I  have  observed  this 
bird  come  on  board  several  times  in  dilfereut  latitudes.  It 
generally  alights,  but  is  very  shy,  and  will  not  allow  itself 
to  he  caught.  The  following  are  the  dates  and  positions  of 
four  specimens  observed:  (1.)  29th  December  1884  in  Lat. 
7°  N.,  Long.  15°  W.  (2.)  14th  March  1885,  Lat.  46°  N., 
Long.  8°  W.  (3.)  18th  March  1885,  Lat  27°  N.,  Long.  17° 
W.     (4.)  5th  August  1886,  Lat  21°  49'  N.,  Long.  17°  36'  W. 

17.  Vanclhis  cristatus,  Mey. —  Lapwing.  —  Saw  two  on 
Mai-ch  14,  1885,  in  Lat  4G'  N.,  Long.  8°  W.,  flying  nortli. 
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IS.  Strepsilas  inlerprcs  (Linn.) ^Turnstone, — I  observed 
one  specimen  of  this  cosmopolitan  species  flying  round  the 
ship  in  Lat.  12°  N.,  Long.  17°  30'  W. 

19.  Aumenius  arquaia  (Linn.) — Curlew. — Not  uncommon 
at  sea  between  Cape  Verde  and  the  Bijouga  Islands,  where 
they  often  keep  wheeling  round  the  ship,  never  coming  very 
close,  and  always  keeping  out  of  gunshot.  I  have  observed 
them  in  August,  October,  and  November. 

20.  Totanus  kypoUucus  (Linn.) — Sandpiper. — Seen  occa- 
sionally in  the  Channel,  and  also  about  tlie  same  locality  as 
the  last  species.  They  are  generally  seen  singly,  and  never 
alight  on  board. 

21.  ChUlinago  aelestis  (Frenzel) — Snipe. — One  seen  flying 
on  21st  November  1884  in  Lat  35°  N,  Long.  15°  W.  It  did 
not  alight 

22.  Phalaropus  fulicarius,  Linn. — Grey  Phalarope. — This 
species  is  pretty  common  off  the  north-west  coast  of  Africa 
between  January  and  March.  I  have  frequently  seen  them 
flying  north  in  small  flocks,  and  sometimes  awiuiming.  They 
were  probably  on  raigratioa  I  have  never  sceu  any  going 
south  in  the  autumn. 

23.  Fratercula  arctica  (Linn.) — ruffin. — Some  seen  in  the 
Channel. 
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Lat.  9°  8.,  where  they  get  scarce.  About  Lat.  20°  S.  we  meet 
them  agaiu,  and  they  get  more  commoi!  as  we  near  the  Cape. 
Bound  the  South  African  coast  they  are  sometimes  seen  in 
flocks,  but  they  do  not  come  near  shore.  Farther  south,  in 
Lat,  40"  to  45°  S.,  they  are  very  common,  and  follow  ships  in 
great  numbers  along  with  the  albatross  and  Cape  pigeon.  On 
one  occasion,  near  the  Bijouga  Islands,  we  saw  dense  clouds 
of  these  birds,  so  much  so  that  we  at  first  took  them  for  land. 

27.  Pujinus  ffriseus  (Gm,)— Sooty  Shearwater,^ — Some- 
times seen  in  the  South  Atlantic,  hut  not  at  all  common. 

28.  Puffinus  anglormn  (Temm.) — Manx  Shearwater. — Not 
very  common.  I  have  seen  one  or  two  between  Wymonth 
and  Madeira,  and  one  once  off  TenerifTe. 

29.  Pa.ffi,nu&  ohscums,  Bonap. — Dusky  Petrel. — Two  appar- 
ently of  this  species  were  observed  in  Lat.  17°  S.,  Long.  13°  W. 

30.  Procellaria  pelagica,  Linn. — Stormy  Petrel. — Common 
in  north  latitudes,  where  a  few  are  generally  to  be  seen  in 
the  wake  of  the  ship.  It  is  not  so  common  in  more  southerly 
waters. 

31.  Oeeanites  oceanica  (Kuhl.) — Wilson's  Petrel. — Common 
in  the  Tropics  and  south  as  far  as  tbe  Capa  It  is  often 
aeeu  in  compauy  with  the  last  species,  from  which  it  is 
readily  distinguished  by  its  size  and  white  wing  markings. 

32.  Oeeanites  leucot/aster  (Gould) — White-belliud  Petrel. — 
A  species  chiefly  seen  near  Cape  Verde,  wfiere  it  ia  not 
common.  It  flies  with  an  unsteady,  wavering  fiight  dose  to 
the  water,  and  is  sometimes  seen  to  glide  along  for 
some  distance  with  its  wings  perfectly  still  and  legs 
hanging  down,  frequently  touching  the  water  with  its  feet, 
and  rebounding  from  it  like  a  flying-fish.  I  have  only  seen 
it  singly. 

33.  Procellaria  gvjantea  (Gm.)— Giant  Petrel. — Not  un- 
common on  the  South  African  coast.  At  the  anchorages  of 
East  London  and  Natal  a  pair  is  often  seen  among  tbe 
shipping  picking  up  scraps  and  offal.  Any  attempt  to  catch 
one  with  a  hook  and  line  proved  unsuccessful;  they  would 
hold  on  until  they  were  lifted  off  tbe  water,  and  then  let  go, 
Tliey  have  tbe  strong  odour  peculiar  to  this  class  of  birds  in 
a  very  marked  degree. 
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34.  (EUrelata  mollie,  Gould—Soft-plumaged  Petrel. — Not 
very  common ;  generally  seen  in  the  South  Atlantic  from  I^t. 
15°  to  20°  S.  It  has  very  long  wings,  and  fliea  awiftly  and 
gracefully.     It  seema  shy,  and  never  comes  near  the  coast. 

36.  (Estrdata  maeroptcra  (Smith) — Long-winged  PetioL — 
I  once  saw  two  off  Buyker  Point,  Sonth  Afric& 

36.  HtdobcBfia  cceTvlea{Gm.) — Blue  Petrel,  Ice  Bird, — Pretty 
common  on  the  Cape  const  and  north  as  far  as  Lat.  25°  S. 

37.  Procellaria  atlantica,  Gould  —  Sooty  Petrel,  —  Thia 
species,  distinguished  from  the  giant  petrel  by  its  amsller 
size,  brown  colour,  and  the  absence  of  the  white  patch  under 
the  bill,  is  generally  seen  far  out  at  sea  from  Lat.  15°  to  33°  S. 

38.  Btdweria  columbina  (Moq.-Tand.) — Bulwer's  PetreL — 
I  have  only  seen  this  bird  near  Madeira  and  the  neighbour- 
ing island  of  Porto  Santo.  I  have  frequently  passed  these 
islands  without  seeing  a  single  specimen,  and  at  other  times 
I  have  seen  five  or  six  together.  They  appear  to  have  rather 
longer  wings  in  proportion  than  the  stormy  petrel;  their 
flight  is  swift  and  easy. 

39.  Majaqiuvs  ccquiTwctialia  {!*) — Black  Petrel,  Cape  Hen. 
— Very  common  on  the  coast,  and  at  the  anchorages  of  East 
London  and  N^ataL  They  are  very  bold  and  fearless,  coming 
close  alongside  vessels  to  pick  up  stray  morsels,  but  will  not 
tiikc  ft  hook  remlilv.  as  tligy  ai'ticur  to  see  tliu  line  .ittiichcd. 
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after  a  gale,  when  tliey  greedily  devour  alraost  anything.  A 
few  are  seen  at  times  on  the  Cape  coast  aonietiioea  as  far 
north  as  Natal,  chiefly  after  bad  weather. 

41.  Prion  vitlatm  {Gra.)—Bi'oad- billed  Blue  retrel.— Fairly 
common  round  the  Cape  coast,  but  chiefly  found  farther 
south,  where  it  appears  in  lai^e  flocks,  flying  close  to  the 
water  like  the  stormy  petrel  It  never  follows  ships  like 
other  apeciea,  and  thus  I  have  not  seen  any  caught  It  is 
seen  occasionally  as  far  north  as  Lat.  25°  S.,  but  is  not 
common  there. 

42.  Prion  dcsolalm  (Gm.) — Narrow-billed  Blue  Petrel. — 
In  habits  and  appearance  very  similar  to  the  last;  it  is  seen 
in  the  same  localities,  and  is  pretty  common  about  the  Cnpc 

43.  Diomcdea  cxiUans,  Linn.  —  Wandering  Albatross.  — 
Cienerally  seen  far  out  at  sea,  although  I  have  seen  one  or 
two  on  the  South  African  coast.  We  seldom  see  them 
farther  north  tliau  Lat.  20°  S.  Tliey  do  not  follow  steamers, 
but  circle  about  in  the  distance. 

44.  Diomedea  nulanophrys,  Temm. —  Mollyhawk. — This 
and  the  next  species  of  albatross  are  generally  at  sea  classed 
as  "  MoUybawka,"  the  difference  not  beiug  obvious  at  a  dis- 
tance On  the  Cape  voyage  they  are  generally  first  seen 
about  Lat.  25°  S.,  and  become  mora  common  as  we  proceed 
south.  Uound  the  Cape  they  are  one  of  the  commonest  of 
species,  and  the  vessel  frequently  passes  through  Hocks  of 
them  swimming.  Their  food  is  apparently  small  fish  or 
floating  spawn.  In  Table  Bay  they  are  frequently  caught 
by  the  Malays,  who  eat  them.  If  properly  cooked  tliey  taste 
not  unlike  hare.  Farther  south  they  feed  on  squid,  and  also 
follow  ships  in  numbers  for  the  scraps  thrown  overboard. 
They  arc  particularly  fond  of  fat  pork,  and  may  be  often 
caught  on  a  liook  baited  with  a  morsel  of  it. 

45.  Diomeika  eklororhynckti  (Gm.) — Yellow-nosed  Alba- 
tross ot  Mollyhawk. — Resembling  in  appearance  and  habits 
the  last  species,  this  is  not  quite  so  common  on  the  coast. 

46.  Stercorarius  crepidatus  (Banks) — Eiehardsou's  Skua. — 
Pretty  common  in  the  Tropics,  where  I  have  seen  it  some- 
times singly,  and  sometimes  in  pairs  or  in  small  companies. 
They  are  shy,  and  never  follow  the  ship  or  come  very  close. 
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47.  SlercorariuB  pomatorrhinuB  (Temm.)  —  PomBtorrbiDe 
Skua.— One  seen  iu  Lat.  32°  S.,  Long.  16°  E. 

48.  Stercorarita  ealarrha^ia,  Linn. — Common  Skua, — Seen 
once  or  twice,  but  not  common. 

49.  Stercorariva  anlarctieas.  Less. — Antarctic  Skua. — Fairly 
common  on  the  South  African  coast.  A  pair  is  frequently 
Been  in  Algoa  Bay,  where  tliey  are  in  company  with  Lai^ia 
dominimnua.  I  have  never  seen  them  molest  the  latter,  who 
generally  keep  at  a  respectful  distance. 

50.  Lama  eanus,  Linn. — Common  Gull, — Plentiful  near 
Plymouth,  but  it  does  not  appear  to  go  far  out  to  sea,  as  we 
never  see  it  after  tlie  first  day  out. 

51.  Larue  dominicanus,  Licht. — Southern  Black-backed 
Oull. — Almost  identical  in  size  and  plumage  with  Larua 
fiiacus,  this  species  is  very  common  in  Algoa  Bay  and  all 
ulong  the  coast  east  of  the  Cape  of  Good  Hope,  but  they  are 
seldom  seen  near  Cape  Town,  where  Larm  hartlauhi  takes  its 
place.  They  breed  on  St  Croix,  a  small  island  in  Algoa  Bay, 
and  are  said  to  destroy  thfiir  eggs  if  their  neats  are  disturbed. 

5^.  Lams  argeiUatiis,  Gmel. — Herring  Gull. — Common  in 
the  Channel  like  the  common  gull ;  it  is  also  plentiful  about 
Madeira  and  the  Canary  Islands. 

53.  Lams  Iiartlavin,  Burch — Hartlanb'a  Gull. — Very  com- 
[  T:\.h\ti  Bay,  whcro  tliev  t^umo  into  tliu  docks  amoni' 
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58.  Sterna  fuliijinom.  Gm.— Sooty  Tern.— Chiefly  seen  near 
Ascension,  well  known  as  one  of  its  principal  nursenes. 

59.  Atwvs  stolida,  Linn. — Noddy  Tern, — Very  common  at 
St  Helena,  where  it  is  usually  aeeu  in  large  flocka 

GO.  Phwlhon  (ntkerc.iis,  Linn. — Wbite-taUed  Tropic  Bird. — 
I  have  seen  one  or  two  near  St  Helena,  but  where  they  do 
not  appear  to  bo  common. 

CI.  Suta  bassana  (Linn.) — Commoa  Gannet — A  few  are 
geuerallyseen  in  the  Channel,  but  seldom  after  the  first  dayout. 

(>2.  Sola  capensis,  Licht.^Cape  Gannet. — Very  common 
ou  the  Cape  coast;  this  species  is  not  seen  out  of  sight  of 
land.  They  are  not  unlike  the  common  gannet  in  appear- 
ance, the  chief  distinction  being  the  black  colour  of  the  tail 
and  large  wing  feathers.  Their  mode  of  fishing  is  the  same, 
plunging  into  the  water  from  a  great  height.  Tlicy  breed  iu 
great  numbers  on  Bird  Island,  some  distance  north  of  Algoa 
Bay. 

63.  Sula  leucoff osier,  Bodd. — Booby. — Sometimes  seen  in 
the  Tropics,  where  it  frequently  alights  on  the  yards  and 
falls  asleep,  and  may  then  sometimes  be  caught  by  band. 
They  bite  severely  if  not  cautiously  taken. 

64.  Phalacroeorax  carbo  (I^inn.) — Common  Cormorant. — 
Kot  very  common  off  the  Cape.' 

65.  Phalacroeorax  eapensis,  Sparrm. —  Cape  Cormorant, 
Duyker. — In  appearance  nearly  identical  with  our  shag, 
these  birds  are  very  common  in  Table  Bay,  but  are  never 
seen  more  than  three  or  four  miles  from  land  except  in  a 
fog,  when  a  stray  one  is  sometimes  seen  flying  round  the  sliip 
at  R  greater  distance  off  shore.  In  Cape  Town  docks  tliey 
swarm,  chasing  fish  among  the  ships  and  perching  on  the 
buoys.  Large  flocks  pass  Green  Point  Lighthouse  morning 
and  evening,  going  to  and  from  their  fishing  grounds.  I  have 
not  yet  been  able  to  discovei'  where  they  breed,  but  suspect  it 
to  be  on  Dassen  Island  or  the  neiyhbourhood.^  They  are  not 
uncommon  on  the  soutli-east  coast,  although  occasionally  seen. 

66.  Phalacroeorax  lucidus,  Licht. — South  African  or  White- 
breasted  Cormorant. — Seen  occasionally  about  Tabic  Bay. 


'  [IiBTitril  say»  tlioy  breed  ou  I'umuna  lalnuil  miil  all  the  BUiatl  rorkii 
ccuwt.— J.  J.  L>.J 
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XVII.  CotUnbulitms  to  a  BMiogTaphy  of  the  "  Sea  Serpent." 
By  William  E.  Hoyle,  Esq.,  M.A.(Oxon.),  r.RS.E. 

{Be*d21iit  April  ISSS.) 

The  subjoiuod  biblio{p*aphy  makes  no  pretensions  whatever 
to  completeuess ;  it  consists  merely  of  a  number  of  titles 
which  came  in  the  compiler's  way  while  studying  the  subject, 
and  which  are  here  printed  in  a  collected  forni  in  the  hope 
that  they  may  be  the  means  of  saving  time  and  labour  on 
the  part  of  otliers. 

Tlioae  references  which  tlie  compiler  has  himself  verified 
are  indicated  by  an  asterisk,  the  remainder  are  taken  at 
second  hand  from  more  or  less  reliable  sources.  Tlie  author's 
thanks  are  due  to  Messrs  John  Ounu  and  William  Evana, 
F.II.S.K,  for  a  number  of  newspaper  cuttings  relating  to  the 
subject. 
U.C.  I  DlODOKirs  ScullUk,  Bibliotlictn  liistorica,  lib.  iii.* 

77.  Pliniot,  lIiHtoria  naturalis,  lib.  viii.,  cnji.  14.* 
1555.  Olaun  Maiinuh,  HisCorin  gentium  iie|>tuiitrianii1iiirii,  lib.  xii.,  cap.  24. 
1741.  KuitjiK,   II.,   Dut  gamlu  GrunUndx  nyu  rerluHtmtianD,   Coi>onbag«n  ; 
Enyliah  tmiuUUiim,  A  De«criplion  of  GivciibiiJ,  i>p.  8G-8V,  London, 

45,  4C,  Co{>euh^eii, 
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).  Peck,  W.  D.,  ObBorvntions  on  tho  Sea  Serpent,  QuaH.  Joitra.  Sci.  LU. 
and  AtU  R.  hisL,  viL,  |>p.  83-72 ;  Isis,  pp.  1123-1125, 
PniKOR,  J.,  AmBricauische  Hecrschlaage,  Irii,  pp.  17E4-1756. 
Say,  T,,  Ueber  dio  Meeraclilange  von  Amarica,  Isit,  \>.  653,  1S19. 

,  On  tho  Auioricau  Sua  Serpent,  Quarl.  Jaam.  Sci.  and  Arts  H. 

Irat.,  vi.,  pp.  183-]6fi. 
I.  BloBLOW,  J.,  DocumentB  and  Remnrks  respecting  tlie  Sen  8«ri>eQt, 
Amer.  Joum.  Sd.,  ii.,  pp.  H7-164.* 

1821.  ,  On  the  Acuerioan  Saa  Serpout,  Titluoh's  Phil.  M<ig.,  Uii.,  pp. 

3E6-359.* 
1827.  HooKBU,  Addition*!  Tiatiniony  respecting   tlie  Sea  Seqicnt   in   tlio 
American  Seas,  Edinburgh  Jottmal  a/  Scienue,  vi,  pp.   126-133.' 
Translation,  Prariep'i  A'D/tant,  zvli.,  SEiS,  pp.  4S-S'l. 
WARBnBTON,  W.,  The  American  Sea  Serjiunt,  Aaier.  Jrnim.  ScL,  xii., 
pp,  376,  378,» 
132fl.  Min;uiLL,  S.  L,  The  History  of  SeaSeriientism,  extracted  froin  Samnol 
L.  MiUhill'B  Eumniary  of  tlie  progress  of  Natural  Seiciino  witliin 
our  United  Statea  for  a  few  yeora  peat  ;  read  before  the  New  York 
LyeeuDi,  at  a  succesuion  of  liittiugs  during  October  1S23.     No.  3f>. 
Tlic  Sea  Serpent,  Amer.  Jaam.  Sci.,  xr..  pp.  861-356-" 
1830.  DuLAMi,  Uelier  die  Seusehlnnge,  Proriep's  Notiten,  ziviL,  fiSD,  p|>. 

265,  2Sa. 
1834,  SiLLISAM,  B.,  Ueber  tlio  Seoschluigo,  Fr<irkp'a  Natam,  il-,  879,  p. 

S28. 
ISSS.  JAitniNK,  IfaluTalMa  Library,  viii,,  Merino  Amphibift,  p.  311,  Lomliin. 
1811.  Bathke,H., Ueber  dieSoeKhlangederNorwoger,  JrcAtn/.  JVufiir;vc»:A., 

vu.,  I,  pp.  278-288. 
1817.  CoOHWRLL,  Zoelogisl,  v.,  pp.  I81I,  IBll.* 
Dkinholt,  p.  W,,  Zoolmjiat,  v.,  p.  1801.* 

,  8bb  Serpent,  Zoologiil,  v.,  pp.  I7U,  171S.' 

ISia.  M'Qunji,  P.,  Timta,  Oct.  »,  1818. 

,,  Illtat.  Lmtd.  Nact,  p.  365,  Oct.  28.* 

„  BeplytoOwon,  Tinua,  Nov.  21.* 
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1850. ,  Romance  of  the  .Sta  Serjioot  or  lebthyosaums  ;  nlso  n  collec- 
tion of  tlie  ancient  and   modorn  anthorities,  with   letters   from 
flistingoiahed  raerchanla  and  mi-u  of  science,  172  pp.,  Cambridge, 
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to  Sept  8.* 
,  The  Sen  Serpent  again,  Scotsauin,  Sept.  1,* 
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HoVi,e,  W.  E.,  Artitle,  "  Sea  Serpent,"  Biicyct.  Bril. ,  eii,  9. 


XVIII.  A  Calalog^ie  of  Recent  Cepltahporta.     My  WlLLUM  M 
HoYLE,  Esq.,  M.A.(0.xon.),  F.I1.S.E. 

(Read  17th  March  ISSe.) 

Tiie  lateat  attempt  to  give  a  complete  Bysteraatie  account 
f){  the  Cephalopoda  is  that  of  Tryon,  published  iQ  1879 ;  but 
it  labours  under  several  disadvantages — the  first  and  most 
serious  being  that  the  author  has  given  almost  all  hia  atten- 
tion to  Conchology  properly  so-called,  and  has  apparently 
treated  the  Cephalopods  rather  with  a  view  of  making  hia 
Manual  complete  than  from  any  special  interest  in  them ; 
secondly,  the  mode  of  arrangement  adopted  of  placing  all  tlie 
synonymy  in  the  form  of  an  alphabetical  index  at  the  end  of 
the  volume,  renders  it  exceedingly  dithcult  to  ascertain  what 
he  includes  under  each  species;  and,  furthermore,  a  large 
number  of  new  forms  have  been  described  since  the  publica- 
tion of  his  work,  and  several  important  contributions  have 
been  made  to  our  knowledge  of  the  relations  of  previously 
described  groups. 

Under  these  circumstances  it  appeared  that  the  compilation 
of  such  a  list  as  the  present,  even  though  it  miglit  fail — in- 
deed necessarily  must  fail — to  give  a  completely  satisfactory 
Burvey  of  the  class,  would  nevertheless  be  of  considerable 
use  to  workers  in  this  interesting  bi-anch  of  Malacology,  were 
it  only  as  a  reliable  index  to  the  literature  of  the  subject, 
and  1  therefore  resolved  to  draw  up  in  a  form  fit  for  publi- 
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cation  the  mutcrinl  t^iithcred  for  use  in  my  own  investigatioDS. 
I  sIiouKl,  liowevcr,  be  doiii^  injustice  to  Mr  Tiyon  did  I  not 
nckiiowlcdj{Q  my  indcbtedncsa  to  his  elaborate  and  careful 
index. 

At  present  no  systematic  treatment  of  the  whole  class  of 
CephaloiMda  can  hoiKJ  to  be  other  than  provisional.  Such 
a  large  i>eTceutago  of  the  published  descriptions  of  apeciea 
are  inaccurate  or  insufticicnt  for  modern  requirements,  that 
nothing  satisfactory  can  be  obtained  until  some  worker  shall 
tmvcl  to  the  various  museums  and  rc-examinc  all  such  type 
specimens  as  arc  at  present  extant ;  and  it  would  be  par- 
ticularly desirable  that  ho  should  have  the  opportunity  of 
comparing  the  different  specimens  side  by  side. 

With  respect  to  the  list  itself,  I  have  endeavoured  to  give 
a  reference  to  tlie  original  creation  of  each  species  and  such 
others  as  might  be  necessary  to  indicate  the  important  points 
in  its  history,  or  good  descrijitions  and  figures  of  it ;  save  in 
one  or  two  cases  of  special  interest,  1  have  not  attempted  to 
give  complete  synonymies.  1  have  especially  avoided  regis- 
toriiig  species  as  identical  without  such  evidence  as  seemed 
to  me  conclusive,  for,  so  for  from  tending  to  simplicity  and 
clearness,  hasty  and  indiscriminate  identifying  of  species  can 
only  lead  to  the  utmost  confusion.      It  is  too  much  to  hope 
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genera ;  Jinnee  it  may  be  Siiid  in  round  numhers  that  wo  are 
acijuainted  with  50  or  60  genera  of  recent  Cephalopoda  con- 
taining 300  species.  It  1.9  worthy  of  remark  that  29,  or  halC 
the  genera,  contain  only  one  species  each,  while  nearly  one- 
half  the  species,  170,  belong  to  the  three  genera  Octopus, 
Sepia,  and  Lolifjo. 

As  regards  their  diatribiition  the  Cephalopoda  aoera  to  be 
divisible  into  three  groups— (1)  the  Pelagic,  (2)  the  Abyssal, 
and  (3)  the  Littoral 

The  first  two  of  these  have  been  united  under  the  name 
"Oceanic"  species,  and  have  been  disposed  in  three  groups 
corresponding  to  the  Atlantic,  Pacific,  and  Indian  (including 
the  Southern)  Oceans,  rather  for  convenience  than  from  ii 
belief  that  such  a  division  is  natural,  although  the  great 
majority  are  confined  to  one  area.  The  chief  factor  limiting 
tfieir  spread  is  probably  temperature,  though  doubtless  other 
conditions,  such  as  the  presence  of  Gulf  weed, also  have  their 
influence. 

The  "  Littoral  "  species,  that  is,  those  found  in  moderately 
shallow  water  not  far  from  the  coasts,  whether  they  be  active 
swimmers  like  Loligo,  or  more  sedentary  like  Octopus,  are 
much  more  restricted  in  their  range  than  tlie  oceanic.  For 
the  purpose  of  representing  their  distribution,  the  coasts  of 
the  world  have  been  divided  into  seventeen  regions,  which 
are  very  different  in  extent  and  in  the  number  of  species 
that  have  been  recorded  from  them.  As  regards  the  former 
of  these  points  it  may  be  remarked  that  no  sharp  boundaries 
can  be  drawn  between  theiu  at  all ;  for,  although  for  statis- 
tical purposes  it  may  be  necessary  to  adopt  lines  of  demarca- 
tion, these  are  not  recognised  by  nature,  and,  furthermore,  a 
fuller  knowledge  of  the  faunas  of  the  various  regions  would 
almost  certainly  show  that  some  of  the  districts  here  proposed 
should  be  subdivided  and  others  united. 

Tlie  geographical  regions  here  adopted  agree  very  closely 
with  those  proposed  by  Ur  Paul  Fischer  in  his  recent 
Manual,'  based  upon  a  study  of  tlie  whole  of  the  Mullusca ; 
their  names  and  boundaries  are  aa  follows : — 

I.  The  Sfan-linavian  Rrgion  includes  the  whole  of  the 
'  Miiimcl  cU  Conchyliologio.  8vo,  TariB. 


208  Proeeedinga  of  the  lioyal  Physical  Society. 

Scandinavian  reninsula,  DeDmark,  Uolland,  Icolaud,  aud  tfae 
northeru  half  of  tlie  British  lalea. 

2.  The  Ifew  Miufland  Region. — The  northern  boundary  of 
this  region  I  am  unable  to  Tix,  probably  it  extends  up  to  the 
coast  of  Labrador;  southwards  it  extends  about  as  far  aa 
Cape  Ilntteras. 

3.  The  West  Indian  Region  extends  southwards  from  the 
last,  about  as  fur  as  the  moutli  of  the  Kio  de  la  Plata,  and 
includes  the  Gulf  of  Mexico  aud  the  shores  of  the  ialanda  at 
its  mouth. 

4.  The  LuaUanian  Reginn  includes  the  southern  half  of 
the  Ifritish  Isles,  the  coasts  of  France,  Spain,  and  Africa, 
about  as  far  aa  the  Canary  Islands.  It  is,  of  course,  closely 
related  to  the  Mediterranean  Kegion,  but  that  sea  contains 
80  many  forms  peculiar  to  it  that  it  appeared  best  to  regard 
it  provisionally  as  a  distinct  i'c>;ion. 

5.  The  Mediterranean  liegion  consists  of  the  Mediterranean 
and  Black  Seas.  Strictly  speaking,  here  also  a  subdivision 
should  be  made,  like  tliat  adopted  in  regard  to  the  oceans, 
separating  the  pelagic  from  tlie  littoral  forms ;  but  the  dis- 
tinction does  not  seem  to  be  so  clearly  marked,  perhaps 
owing  to  the  subject  not  having  been  sufliciently  investigated. 

6.  The  West  Afi-ican  Region  extends  from  the  Canaries  to 
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10.  The  Japanese  Reg-lon.—The  coasts  of  these  islands  have 
yielded  so  many  remarkable  Cephalopods  that  it  seems  ad- 
visable to  separate  them,  provisionally  at  all  events,  as  a 
distiDct  region. 

11.  The  Australian  Region. — The  coast  of  the  whole  Aus- 
tralian continent  is  here  re^^arded  as  forminn  a  single  region  ; 
as  above  remarked,  it  is  quite  probable  that  the  northern 
portion  of  it  should  be  placed  In  the  last  division  but  one, 
but  so  little  itifonnatiou  regarding  the  species  from  that 
district  has  come  into  my  hands,  that  I  forbear  from  drawing 
any  line,  Fischer  makes  an  arbitrary  boundary  at  the  Tropic 
of  Capricorn, 

12.  The  JVcjp  Zealand  Region. — The  C'ephalopod  fauna  of 
these  islands  is  .so  peculiar  that  it  seems  advisable  to  separate 
them  from  the  Australian  region,  to  which  they  are  no  doubt 
iiearJy  allied,  though  the  number  of  forms  proved  to  be 
common  to  both  is  very  few. 

13.  The  Pacific  Iitsular  Region. — The  shores  of  the  various 
archipelagos  in  the  Pacific  Ocean  seem  to  be  inhabited  by 
numerous  Cephalopods  which  are  quite  distinct  from  the 
pelagic  forms  inhabiting  the  open  ocean.  But  few  collections 
have  as  yet  been  made  of  these — not  enough  to  enable  any 
general  conclusions  regarding  their  affinities  to  be  drawn. 

14.  The  Californian  Region  stretches  from  the  peninsula 
of  Alaska  to  the  Isthmus  of  Panama ;  probably  it  will  even- 
tually be  necessary  to  subdivide  it,  but  so  few  forms  have 
been  described  from  that  coast,  that  this  course  hardly  seems 
advisable  at  present.  From  the  coast  between  Alaska  and 
Kamtschatka  no  Cephalopods  are  known  to  me;  probably 
they  will  be  found,  like  the  other  Molluaca  from  that  region, 
to  be  of  Arctic  types. 

15.  Tlie  Peruvian  Region. — The  northern  boundary  of  this 
province  may  be  taken  at  the  Isthmus  of  Panama,  and  the 
southern  at  about  the  northern  limit  of  Patagonia. 

16.  The  Patagonian  Rr.gion  includes  the  extremity  of  South 
America,  both  on  the  eastern  and  western  coasts, 

17.  The  Arctic  Region. — The  coasts  of  Greenland,  Spitz- 
bergen,  and  the  seas  within  the  Arctic  circle,  so  for  as  they 
have  been  explored,  constitute  this  region. 
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The  epeciea  wbich  have  been  reported  from  the  Oceanic 
areas  are  diatriboted  thus  : 

S6  tpedei  us  recorded  tiom  onlT  one  Oceanic  »rea. 
IC  „  „  two  OcMoic  areu. 

8  „  „  tbtce 

These  numbers  show  that  about  75  per  cent  of  the  oceanic 
fonns  are  confined  to  one  ocean,  and  that  cosmopolitan  forms 
must  be  regarded  as  exceptional. 

The  epeciea  occurring  in  the  seventeen  Littoral  regions 
may  be  ananged  thus : 

100  Bpecise  are  recorded  rroro  only  one  Littoral  area. 
two  Littoral  areas. 


About  80  per  cent,  therefore  of  these  forma  are  confined 
to  one  region — a  striking  confirmation  of  the  proposition  that 
littoral  forma  in  general  belong  to  many  species,  each  of 
which  ia.  confined  within  narrow  limits. 

Thirty-five  species  are  recorded  from  both  Oceanic  and 
Littoral  regions,  bat  the  majority  of  these  are  typically 
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Class  CEPHALOPODA,  CrviKU. 

Siphonopoda,  LanlieBior. 

Order  I.   DIBRANCHIATA,  Owen,  1832. 

Suborder  I.  OCTOPODA,  Leach,  1818. 

Diidaton  1.  Lioglossa/  LUtkcn,  1882. 

pHmily  I.    Ptkroti,  Reinhardt  et  Pi-osch,  184(i. 

CnittoTtL-TtlM>«,  Kereratein. 

Cirrotenthis,  Eschricht,  1836. 

Scindephana,  ItoiiiLardt  et  Prosch,  184S. 

BuitrychuttitlkU,  Agiigaii,  1846. 

1.  C.  Miilleri,  Esclir.,  Nova  Acta  Acad.  Cses.  Leop.-Carol.,  xviii., 

p.  627,  pla.  xivi-Klviu.,  183G. 
ISJS.  Seiad^phonu  MUllfri,  Rdnh.  og  Promli,  Om  Sciitdcpliorus 
Mullen,  EjfibaDbavn.' 
Arctic  Begion  (Greenland). 

2.  C.  nmbellata,  Fischer,  Jouro.  de  Couch.,  ^xiiL,  p.  402,  1883. 

Atlantic  Oce«n. 
•I  C.  magna,  Hoyle,  Diagiiosea  I.,  p.  233,  1885;  Chall.  Ceph.,  p. 
S6,  pi.  xi.,  IJgs.  3  5 ;  pi.  jdi. ;  pi.  xiiL,  figa.  1-4,  1886. 
Southern  and  Pacilic  OceaOB, 

4.  C,  paciflca,  Hojle,  Diagnoses  I.,  p.  235,  1885  ;  Chall.  Ceph., 

p.  61,  pi.  X.,  1886. 
Pacific  Ocean. 

5.  C.  meangensis,  Hoyle,  Diagnoses  I.,  p.  234,  1885;  Chnll.  Ceph., 

p,  63,  pi.  ix.,  tigs.  12,  13;  pi.  xi.,  figs.  1,  2;  pi.  xiii., 
figs.  5,  C,  1886. 
Pacific  Ocean. 
C,   C.  plena,  VII.,  Third  Catal.,  p.  404,  pi.  xlii,  fig.  3,  1885. 

Atlantic  Ocean. 
7.  C.  megaptera,  VIL,  Third  Catal.,  p.  406,  pi.  xliii.,  figs.  1,  2, 1885. 
Atlantic  Ocean. 

StanroteuthiB,  Verrill,  1879. 
1.  S.  syrtenBJs,    VII.,  Amor.  Journ.   ScL,   xviii.,  p.  468,   1879; 
Ceph.  N.  E.  Anier.,  p.  382,  pi.  xxxil,  figa.  1^,  1881. 
Atlantic  Ocesn  ;  New  England  Region. 

'  Without  »  rntluln  (Djmiitet.  p.  643,  Kjabcnlmvii,  1881-83). 

'  A',  W.t«*l.   lUiBiui.  iicltk.  Afhandl.,  Bd.  xii.,  p^  186-224.  pig,  i.-v. 
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OpUthoteaOli,  Terrill,  1883. 
1.  0.  Agassizli,  TIL,  <•  Bkke"  Suppl.,  p.  113,  pi  L,  fig.  1  ;  [0.  ii. 
fig.  1,  1883. 
Atlantic  Ocean;  New  England  and  West  Indian  ReguMu. 

Diriaioa  2.  Trachyglossa,  Lutken.^  1882. 

Family  11.  Ahphitbbtid^  Hoyle,  1886. 

Amphitretus,  Hojle,  1885. 

1.  A.  pela^cds,  Hoyle,  DiagnoeeR  I.,  p.  235,  1885;  Chall.  Ceph., 

p^  67,  pi.  iz.,  figs.  7-9,  18S6. 

Pacific  Ocean. 

Family  III.  AROOMADTtDA,  Cantraine,  1841. 
Argonaota,  Linn^,'  1756. 
Ocgilioe,  Leach  et  Aiictt.  (luni  lUGnesqno). 
1.  A.  ai^O,  Linn.,  Syat.  Nat,  ed.  x.,  p.  708,  1758. 

.  Argonauta  liauttnim,  Dillwjn,  Deur.  CaUl.,  p.  S3G. 

argit,  d'Orb.,  C^pb.  aeil. ;  Argooaute,  pi.  ii,  figi.  ],  3. 
Omitm,  Dkr.,  Zvitaclir.  f.  Malsk.,  1S62,  p.  48. 

„        Rt.,  Coiicb.  Icon.,  pi.  iii.,  fig.  2i. 
argo,  Rt.,  Conch.  Icon.,  jil.  iii.,  fig,  2e. 
hauMrvm,  Ev.,  Condi.  Icon.,  pi.  ii. 
argo,  Iloyle,  Chkll.  Oph.,  p.  69. 
Atlantic  and  PitciGc  Oceans ;  New  England,  Lnsitaniaii, 


Mediterranean,  Soutli  African,  Indo-Malajan,  and  Aos- 
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1737.  Argonavta  orymia,  Mouschon,  Mus.  Govori..  2S2.  No.  133. 
1817.  „         gondola,  Dillwyn,  Descr.  Catnl.,  p.  3:15. 

1S22.  „         IvbeTaUasa,  Lmk.,  Anim.  s.  vert.,  vii.,  p.  652. 

1861.  „  „  RT.,Concb.  Ieon.,pL  i. 

Pacific  Ocenn  ;  South  African,  Indo- Malayan,  Australian, 
and  New  Zealand  Regions. 

3.  A,  hiaDB,  Solander,  Portl.  Catal.,  p.  44,  lat.  1055  (vol.  il,  p. 

113),'  1786. 
1S22.  Argonaitia  nitida,  Lmk.,  Aniin.  a.  vert.,  vii.,  p.  tZZ, 
1850.  ,,  Oiecnii,  AJ.  aud  Ht.,  Voy,  "Samiruig,"  Mull,  pi. 

iii.,  fig.  1. 

1860.  „         gondolji.  Ad.  and  Br.,  ap.  cit.,  pi,  ii, 

1852.  ,,         SmAiana,  Dunlceri  E«it»chr.  f.  Malak.,  p.  <S  [  =  Tar.). 

1861.  „         gaiulola,  Rv.,  Concli.  Icon.,  pi.  iv.,  figB.  Sa,  M. 
Atlantic  and  Pacific  Oceana;  Indo-Malayan  Region. 

4.  A.  paciflca,  Ball,  Amer.  Journ.  Conch.,  vit,  p.  95,  1873. 

L^rtlifornian  Region. 

5.  A.  expansa.  Dali,  Proo.  Calif.  Acad.,  N.8.,  iv.,  p,  303,  1873. 

Califoriiian  Region. 
(3.  A.  Bfflttgeri,  Maltzaii,  Joum.  de  Couch.,  xxix,  p.  163,  pi.  ix., 
fig.  7,  1881. 
Hab.1 
7.  A.  gracilis,  Kirk,  Trans.  N.  Zeal.  Inst.,  xvil,  p.  58,  pi.  xiii., 
1885. 
Ifew  Zealand  Region. 

OcythoS,  Rafincsque,  1814  (turn  Leach  et  auctt.). 

Faraaira,  Stecnatrnp. 

1.  0.  tnbercnlato,  Rafinescjue,^  Pi-^is  d^couv.  aomiol.,  p.  29,  1814, 

luas.  Oclopaa  calenuUUux,  Fir.,  C^ph.  acet,  pi  vi.  bUetler. 

1837.         „      Car(iN<z,Ver.,Hem.  Accod.  Sui.  Torino(2),  i.,  p.92,  [>l.  ii, 

'  I  bkVe  not  h*d  an  opportanity  of  seeing  the  original  Fortliind  CaUlogne, 
but  tlie  rarervncea  in  bracketa  are  taken  Troni  a  copy  of  Si>lBij{Ur'8  MS.  in  thu 
Linaean  Society's  Library,  for  tbe  knavledge  of  which  1  am  indebted  to  Dr 
Murie  ;  it  wai  writtun  by  Huinpbreya,  and  wai  formerly  in  tbe  pouessioii  of 
G.  B.  Sowerby,  from  whom  it  was  pnrcbucd  Tor  tbe  sum  of  £5. 

*  It  fteenui  very  inijirobabts  that  this  is  tbe  Oetnpua  UdierctUnlua  of  Bisso 
(Hilt.  Nat  Bur.  Merid.,  t  iv.,  p.  3,  1826) ;  bin  deacription  docs  not  seem  to 
me  applicabU  to  this  form,  in  addition  to  wbicb  we  have  Veniny'a  etutcineiit 
(Ciph.  midit,  p.  10)  tliut  Kisso  did  not  recognise  the  drawiuff  of  Octupus 
taUMtiaivt  {op.  Bit.,  pi.  xiii.)  as  bis  species.  There  can,  however,  Im  no  doubt 
thnt,  as  StecDstnip  has  recently  pointed  out  {loe.  tU.),  tbis  is  tbe  species 
wbicb  Bafinesqtie  bad  tn  view  in  constituting  the  genus  Ocylhnt,  wbicli  Leach 
and  others  have  always  understood  to  be  tbe  animal  of  tbv  Arf^naut,  which 
Kaftli«MinB  clearly  statti«  was  not  the  case  ('■  Qood  Book,"  te.  eU.). 
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183B.  PkOotuxu  tubereulahu.  d'Orb.,  C^ph.  wjt,  p.  87,  pL  vL  tit  cl 

tor,  pi.  xxul 
IMO.  CbvlAof  tvIwreNfata,  B«f.,  Good  Book,  p.  83. 
18G1.  OcteiMM  eatauiiaiyM,  \ir.,  Ctpb.  mMit,  p.  87.  pi.  xUi. 
1861.         „      Oart»a,  Vii.,  Ctph'.  nUit,  p.  81,  pi.  zi*.,  fig*.  2,  S  ; 

pL  zli.,  fig».  1,  2. 
1861.  AntMifw  ctUauiiata,  8tp.,  Vid.  UeddeL  ut  Fonn,  Kjebeahavii, 

1860,  p.  383. 
186B.         „  „  Tug.,  CeT.  Hiu.  Firenie,  p.  II. 

1889.        ,,        Ivimulaia,  Tkrg.,  op-  "<-,  P-  13. 
188a  a^Oka)  „  Stp.,  Omnut  Blalupr.,  p.  104. 

1881.  Panuim  caUnviala,  Vll.,  Ceph.  N.  £.  Amar.,  p.  382,  pi.  ixxiii., 
Bg.  2- 
New  EngUiid  Knd  MedlterTHitean  KegionB. 

Family  IV.  Philokexid*,  d'Orbignj,  1838. 
Tremootopas,  delle  Chkje,  1830. 
mtontxU,  d'Orbignj. 
1.  T.  vlolacflas,  d.  Ch.,  Mem.  stor.  nat.,  pi.  Ixx.  (^e  Y^r.),  1830. 
1830.  Oetoput  mli/er,  Fir.,  Poulpra,  pis.  iviii.,  x\x.  {ivmen  lantmn). 
1837.         „      velattu,  Rang,  M«g.  de  Eool.,  cl.  v.,  p.  60,  pi.  lixxix. 
1888.  PhOontxit  vetiftr,  d'Orh.,  Ceph.  sect.,  p.  Bl,  pis.  xviU.-xs.,  pi. 

«iiL,fig».2-*. 
IS61.  Tnmoaopu*  ,,      Vir.,  Ciph.  miitiL,  p.  41,  pi.  xiv.,  Sg.  1, 
ISGl.  „  vMruen*,  \ii.,  op.  cU.,  p.  41,  pU.  zv.,  xvi. 

Meditemaean  B^on. 


A  Calalojue  of  llamt  Vepluilojioda. 


\U\.   T,rti 


aUtntiaa,  Stp.,  Vid.  Med.ld.  i 


..  F.>ri 


Lava,  1800,  j^  332  (err.  (jj-.}. 
18SII.  „  ailanliaa,  Huylu,  Cliall.  Ce|ih.,  p.  71. 

Atlantic  Oceau. 

5.  T.  micro stomns  (Reynaud),  Tiyon. 

1330.  Octopus  microstontud,  Reyn.,  Mag.  lie  Zao!.,  cl.  v.,  [i.  23,  Jil.  xi: 
1S38.   Pkilvm-xit        „  d'Orb.,  Cipb.  acit,  ]i.  100,  pi.  x.,  fig.  f 

1851.  Oc(o/n«^iM;«i)ter»(J),V6r.,(«pli.nnidiL,p.33,  pl.xi,,figs.A,D, 

1879.  Tremoclopia  mUrotlorniu,  Trjoa,  Mui.  Couuli.,  i.,  p.  130. 
Atlnntic  Ocean ;  Mediterranean  Begion. 

6.  T.  hyalinns  (Gang),  Tryon. 

1S37.   Oeloptia  hytiUitas,  Raug,  Mag.  do  ZooL,  cl.  v.,  \\  06,  pi.  xcu. 
183a.   rhihncxia      ,.      d'Orb.,  Cipli.  ac6t.,  p.  104,  ]il.  ivi.,  figa.  I 
1879,  TremMiojnis  „      Tryoo,  Min.  Coiiuh.,  i.,  p.  131. 
Atluutii:  Ocean. 

7.  T.  ocellatns,  Brock,  Zeitsclr.  1  wiaa,  Zool,,   xxxvi.,   ]>.  6(J 

pi.  sixvii.,  figB.  1,  2,  1883. 
Meditemincun  Region. 
^.  T.  Bemipalniatas,  Owen,  Trans.  Zoul.  Soc.  Loud.,  iL,  \k  It 
pi.  xxi.,  figa.  13,  13,  1836. 
Atlantic  Ocmn. 

(Species  inBiifSciently  ciiut-acLcriHed.) 

0.  T.  dnbins  (E.  et  S.),  Tryon. 

IBfil,  Pkilonexia  dufyia,  Ver.,  Cepli.  m6dit,.  p.  34. 

1852.  Oclopua  dt^iua,  E.  etS,,  Voy.  "lioliite,"'p.  15.  ]il.  i.,  Hys.  10. 1 
1379.   TrmuKlopvt  didnvt,  Tryon,  Hau.  Concb.,  i.,  p.  131. 

Family  V.   Alloposida,  Verrill,  1881. 

AUoposas,  VerrUl,   1880. 

llaiipltraa{l),  Staeuattup, 

1.  A.  mollis,  VII. 

1859.  JJalijilirim atlaiUicua,  Stp.,  V iii.  MaMeL  unt.  Foreii.  Kjuheuliivn, 
1S&8,  p.  183. 

1880.  Mluj-onu  tnoUia,  VU.,  AmiT.  Junm.  Sei.,  xi.,  p.  301. 

1881.  „  "         „       Vll.,  Copb.  M.  E.  Aiiitr.,  pp.  366,  420,  pis. 

l.,li.,(ig><.  3.  4. 
1838.  „  „       Hoyle,  CbalL  Cepb.,  p.  72. 

Atlantic  Ocean ;  New  England  Region. 

Fauiiiy  VL  Octopodid^  d'Oibiguy,  1838. 

0CT0P1D.B,  d'Orb.  (para). 

Octopas,  Lamarck,  1799. 

1.  0.  vulgaris,  Link,  M^in.  Soc  Ilist.  Nat-  PuriB,  i.,  p.  18,  171)9. 
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1826.   Oiivptu  brtvU«iaae\UatH$[t),  Blr.,  Diet  d.  ScL  Nat,  itiil,  p.  187. 

1888.  „      miigaris,  d'Orb.,  C^ph.  mc4t,   p.   2S,  plL  ii.,  iiL  bit ; 

pi.  *iii. ,  figik  1, 8;  pU.  xi.  -ir. ;  pL  zdi. ,  &g.  C 
18G1.        „  „         Yir.,  Ceph.  mMit,  p.  16,  pL  viiL 

1889.  „      TrvKJuliOX  Tirg.,  Cef.  Hni.  Firenze,  pL  19. 
Almost  cosmopolitaa.' 

2.  0.  Salntii,  Y^r.,  Mem.  Accad.  Sd.  Torino,  p.  93,  pL  iu.,  1837 ; 

C^h.  m^t,  p.  20,  pi.  ix.,  1831. 
Mediterraneao  Begion. 

3.  0.  ocddentalls,  Stp.,  MS. 

1863.  Ottopiavulgaru,  var.  aourtfanna,  d'Orb.,  Moll.  Cuba,  p.  11,  tab.  i. 
1S8S.        „     cceUUtitaliM,  Hoyle,  ChslL  Cepb.,  p.  77. 
West  Indian  and  West  African  Regions. 

4.  0.  tnberonlatna.  BIv.,  Dirt.  d.  Scl  Nat.,  xliil,  p.  187,  1826. 

IBSe.  Odoput  liOieTwlaiut,  Hoyle,  Choll.  Ccph.,  p.  78. 

West  Indian,  Mediterranean,  and  West  African  Regions. 

5.  0.  Temuoans,  Hoyle,  Diagnoses  I.,  p.  222,  1885  ;  Chall.  Ceph., 

p.  79,  pi  iv.,  188G. 
South  African  Region. 

6.  0.  gnmuIatOB,  Lmk.^ 

1792.  Sf^ia  ntgota.  Base,  Actea  Soc.  Hist.  Nut.  rarii,  i.,  p.  24,  pi.  t., 

GfCa.  1,  2. 
1799.   (kU^pat  granulattu,  Lmk.,  IXim.  Soc.  Hist.  Nnt.  Paris,  i.,  p.  20. 
1838.         „      rugomi,  d'Orb.,  Cjpb.  acet.,  p  43,  plH.  vi.,  iiiiL.  Bg.  2. 
1889.         „      ineertui,  Targ.,  Cef.  Mus.  Fireiiio,  p.  22,  pL  vi.,  figs. 
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9 

0.  polyzenia.  Gray,  B.M.C.,  p.  13,  1849. 

1884.   Odo/na poiyaaiia,  E.  A.  Sni.,  "Alert"  Rep.,  p.  34,  pi.  iv..  Rg.  a. 

Auatnviian  Region. 

10 

0.  tot^anns,  Hoyle,  DiagnoHea  I.,  p.  225,  1885;  Chall.  Ceph., 

p.  83,  pi.  viii.,  figs,  1,  2,  1886. 

Pacific  Insular  Region. 

11 

0.  De  FiUppi,  Y6t. 

1861.   Octopui  Dc-Filippii,  Vdr.,  Ciph.  m^lit,  p.  30.  pi.  iL,  fig*,  li,  f. 

1869.         „      Dc  Filippi,  Tai^.,  Cef.  Miw.  FinuiM,  p.  20. 

13 

0.  vitiensis,  Hoyle,  Diagnoses  I.,  p.  226,  1885;  C'Lall.  Oeph., 

p.  84,  pi.  vii.,  figs.  6-8,  1886. 

Pacific  Insular  Region. 

■        13 

0.  bimaculatna,  Vll.,  "Blake"  Suppl.,  p.  121,  pi.  v.,  fig.  1; 

pi.  vi.,  1883. 

CaUfomian  Region. 

14. 

0.   marmoratus,  Hoyle,   Diagnoses  I.,  p.  227,   1885;  CLall. 

Ceph.,  p.  85,  pi.  vi.,  1886. 

PnciSc  Insular  Region. 

U 

0.  areolatus,  de  Haan,  MS.,  1835  (Jide  d'Orb.). 

1833.  lJcl<'/nu  areolatua,  d'Orh.,  Ciph.  arft.,  p.  65. 

1S3S.         „      nnm.niit),  d'Orb.,  Cdph.  acit,  p.  G8,  ]<1.  ix. 

1849.         „      KeWoitu,  Oray,  RM.C.,  p.  16. 

1888.         „            „        App..  JapanskuCuph-.p.  8,  pi.  i..figs.l,2. 8. 

1880.         ,.      anokUm,  Hoyle,  Chall.  Coph.,  p.  88,  pL  UL,  fig*,  tf,  7. 

Indo-Malayan  and  Japanese  Regions. 

16 

fig.  4,  1832. 

pi.  ixviii.,  lig.  0. 

Anatralian  Region. 

17. 

0.  anstraliB,  Hoyle,  Diagnoses  I.,  p.  224,  1885 ;  CLall.  Cepli., 

p.  88,  pi.  iiL,  figs.  4,  5,  1886. 

Australian  Region. 

18. 

0.  membronacens,  Q.  et  G.,  Toy.  "Astvolabe,"  ii.,  p.  89,  pi. 

vi.,  fig.  5,  1832. 

Indo-Malayan  Region. 

19. 

0.  c&roUnenBiB,  Vll.,  Second  Catal.,   p.   235,    1884;    Third 

Catftl.,  pi.  xlii.,  fig.  4,  1886. 

New  England  Region. 

20. 

0.  horridua,  d-Qib..  Tal.I.  ra.!th.,  Ann.  Sci.  Nat.,  vii.,  pp.  64, 

144,  No.  4,  l82f;;  Ct!pl'-  act't.,  p.  51,  i>l.  vii.,  fig.  3, 1838. 
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1S48.  Octopus  argm,  Knum,  SaWrik.  HoU.,  p.  ISS,  fL  tL,  fig.'^ 
South  African  and  Red  Sea  Regions, 

21.  0.  acnleatas,  d'Orb.,  Opb.  ac^t,  pL  viL  (nomm  tantum),  1825  ; 

C^ph.  Bc^,  p.  53,  pi.  va,  figi.  1,  2;  pL  nii,  fig.  1 ; 
p].  xziii.,  figs.  3,  4,  1838. 
IndO'MaUf  an  and  Insiilar  Pacific  fi^ions. 

22.  0.  tenebricns,  E.  A.  Sm.,  "  Alert"  R«p.,  p.  39,  pi.  iv.,  fig,  b, 

1884. 
Australian  R^on. 

23.  0.  megalocjathus,  GId.,  MolL  WUkes  Exped.,  p.  471,  fig. 

686,  1862. 
Patagonian  Region. 

24.  0.  fontanianns,  d'Orb.,  Am^r.  m^d.,  p.  28,  pL  il,  fig.  6, 

1835 ;  C^jih.  ac^t.,  p.  49 ;  pi.  xxviil,  fig,  6 ;  pL  xrix., 
fig.  1,  1838. 
Peruvian  and  Patagonian  Rogiona. 

25.  0.  tehnelchuB,  d'Orb.,  Am^r.  m^i-id.,  p.  27,  pL  1,  figs.  6,  7, 

1833 ;  C6ph.  ac^t,  p.  55,  pi.  xviL,  fig.  6,  1838. 
1871.  Oclopvt  mcgalocyalktu,  Cunningham,  Trans.  Lian.  8oc.,  iivii., 

p.  474.' 
ISSe.        „      UhwlAia,  Hojlc,  Ctmll.  Copb.,  p.  89. 
West  Indian  and  Patagoniiui  Regions. 

26.  O.hawaienBiB,  E.  «t S., Voy.  "Bonite,"  p.  9,  pi.  L,  figs.  1-5, 1852, 

Pacific  Insular  Region. 

27.  0.  globoBOB,  App.,  Ja^ianska  Ceph.,  p.  7,  pi.  i.,  figs,  4, 6, 1886. 


A  Culalo'juc  of  Jicecnl  Ccphalopcdit. 


^P  1K83.  Oetopua  piKolorum,  Hoyle,  Clmll.  CcplJ.,  p.  SI. 

H  Atlantic  Ocean  ;  Scandinavum  and  New  England  Uu^ionH. 

H^  33.  0.  arcticHB,  Proscb.' 

^t  1834.  Stpia  griienlaniiica  (f),  Dawh. ,  Nat.  Hist.  Catiicea,  \i.  SS3. 

^V  1S19.  Oetoptu  an^tKiu,  Prosch,  K.  d.  Vid.  SeUk.  Skr;  [5],  i.,p.  53, 


1868.         „  .,        Sly.,  Hottocotyi.,  p.  201,  pi.  u.,  fig.  2. 

1873.        „      Baintii,  Vll.,  Amer.  Journ.  Sni.,  v.,  p.  5. 
1878.        „  ,,        Sura,    HolL   Uej;.   Arct.    Norv.,   p.   339,    pi. 

iixiiL,  figs.  I-IO. 
881.         „  „         Vll.,  Ceph.  N.  E.   Amer.,  pp.   308.  i21,  pi. 

xxxiii.,  &g.   1 ;  pi.   xxxiv.,   figs.   5,  0  ;  pi. 
xuTi.,  fig.   10;    pi.  xuriii,,   fig.   S;    pi. 
xlix.,  fig.  4;  pi.  IL,  ng.  1. 
8SS.         ,,      anlieiu,  Boyle,  Chall.  Ceph.,  p.  91. 
Atlantic  Ocean;  ScandinaTiati,  New  England  and  At'ctic 


34.  0.  VerriUi,  Hoyle. 

18S3.  Octopus  pictui.'VW.,  "  BlaltB  "  Siipp!.,  p.  112.  pi.  iii.,  fig.  3. 
1886.        „      verriUl,  Hoyle,  Chill.  Caph.,  p.  10. 
West  Indian  Region. 

35.  0.  pictas,  Brock,  Zeitschr.  f.  wisa.  Zool,  xxxvL,  p.  603,  {il. 

xxxvii.,  fig.  3,  1882. 

1883.  Octigius  vuKutana,  Iloyla,  Proc.  Roy.  PhjB.  Sm.  EJio.,  Tli,.  p. 

819.  pi.  vi. 

1884.  ..  ,.  E,  A.  8m..  "Alort"  Rep.,  p.  88,  pi.  iv..  fig.  o. 
18SQ.         .,      pklia  et  var.  foKiata,  Hoyle,  ChaU.  Cepli.,  p.  92,  pi. 

Australian  Region. 

36.  0.  lonulatuB,  Q.  et  G.,  Voy.  "Astrolabe,"  ii.,  p.  80,  pi.  vi., 

figa  1,  2,  1832. 
1838.  0clr^U3  luHulatua,  il'Orb..  C^ph.  acdt,  p.  £9,  pi.  x..  fig,  2;  pi. 
xivi.,  figs.  B-7. 
Pacific  Inaular  Region.^ 

37.  0.  aranea,  d'Orb.,  Ceph.  ac^t,  pi.  v.  {nomai  laiUum),  1826; 

C^ph.  ac6L,  p.  57,  pi.  v.,  1838. 
South  African  and  Pacific  IiiHular  Regious. 

'  Verrill's  dascriptian  ia  so  Tall,  nod  bis  Qguree  w  numerous,  that  I  cannot 
ilonbt  tbnt  his  S[>ecie3  is  the  aame  ae  that  of  Prascb.  the  tyjiOfl  of  ivhich  I  liail 
an  opportunity  of  examiaiag  ia  Cofieuhaguu  ;  and  Prof.  Sara'  beaatiful  driw- 
iog  leaves  oqusUy  little  room  for  uricortaiuty.  What  Duwhutat'i  Sepia 
grsmlatidica  really  was  will  probably  always  remain  unkaown,  the  original 
description  being  qoite  inadequate. 

'Button  (Mob.  MdIL  N.  Zeul.,  p.  1)  has  corrected  d'Orbigny'a erroiioooB 
BlatemODt.  that  this  species  is  from  New  ZcalauO  ;  (juoy  nud  Uaimard  say, 
"  la  liaTre  Carteret  il  la  uouvcUe  Irluiidv." 
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S8.  0.  bermndenais,  Ho^le,  DiagDoaeB  T.,  p.  228,  188Sj  Cball. 
Cepb.,  p.  94,  pL  ii.,  fig.  S,  1886. 
West  Indian  Region  (BermudB). 

39.  0.  mocropns,  Risao,'  Hiat  Nat  Eur.  m^d.,  iv.,  p.  3,  1826. 

182fl.  Ostopua  Cmierii,  d'Orb.,  C^ph.  ac£t,  pi.  iv.  (iiaMm  taiatan). 
1S3S,         „       Cuvieri,  tl'Orb.,  C^ph.  Kcet,  p.  18,  pi*.  L,  ir.,  xxi*., 

ISSl.        „      nuietxiptM,  V£r.,  C^pli.  m^it.,  p.  27,  pi.  x. 
1869.         „  ,,        Targ.,Cer.  Mum  Firenze,  p.  23. 

1869.         ,,      Cmieri,  Targ.,  op.  eU.,  p.  24. 
ISSe.         ,,  „       App.,  JainnikBCeph.,  p.  6,  pi.  L,  fig.  4. 

1880.         „      macTopiu,  Hoyle,  CbalL  Cepb.,  pp.  11,  95. 

Mediterranean,  Bed  Sea,   Indo-Malayan,  and  Japanese 
B^ons. 

40.  0.  omatns,  Old.,  Moll.  Wilkes  Exped.,  p.  476,  fig.  S90,  1853.  ' 

Pacific  Insular  Region, 

41.  0.  graciUa,  Til.,  Second  Catal.,  p.  236,  1884. 

Atlantic  Ocean. 

42.  0.  b&sdeDBls,  Hojle,  Diagnoses  I.,  p.  227,  1885  ;  Chall.  Cepb., 

p.  96,  pi.  vu.,  fig&  9,  10,  1886. 
Indo-Malayaa  Region  (Banda). 

43.  O.Juinarii,8tp.,  MS. 

I88S.  Odopui januarii,  Hoyle,  DiagnoBM  I.,  p.  229;  CIibII.  Cepli., 
p.  B7,  pi.  Tii.,  figs.  1-4,  1888. 
Pacific  Ocean ;  West  Indian  Region. 

44.  0.  IflviB,  Hofle,  Diagnoses  I.,  p.  229,  18S6 ;  Cball.  Cepb.,  p. 
,,  tJKS.  1-4;  pi.  iii.,  lig.  1,  l68ii. 
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^sufficiently  characteriBed.) 
.  0.  brevipes,  d'Oib..  Criph.  ac^t.,  p.  Gl,  pi,  xvii.,  fig.  1, 

Atlantic  and  Facilic  (1)  Oceans. 
.  0.  capensifi,  E.  et  S,,  Voy.  "Bonite,"  p.  II,  pi.  i.,  figs 
1852. 

South  African  Region. 
.  0.  JEgina,  Gray,  B.M.C,  p.  7,  1849. 

Hab.  1 
.  0.  CasBiopea,  Gray,  B.M.C,,  p.  9,  1849. 

Mediterranean  Kegioa. 
.  0.  Cephea,  Gray,  B.M.C.,  p.  15,  1849. 

Hab.1 
I.  0.  Cyanea,  Gray,  B.M.C.,  p.  15,  1849. 

Australian  Region. 
.  0.  Eadora,  Gray,  B.M.C,  p.  9,  1849. 

West  Indian  Region. 
i.  0.  fevonia,  Gray,  B.M.C,  p.  9,  1849. 

Indo-Malayan  B«gion  (Singapore). 
1.  0.  Geryonea,  Gray,  B.M.C,  p.  7,  1849. 

West  Indian  Region  (Bnuiil). 
'.  0.  medoria,  Gray,  B.M.O.,  p.  14,  1849. 

Hab.  I 
i.  0.  BereniGC,  Gray,  B.M.C,  p.  II,  1849. 

Hub.  1 
I.  0.  Sapbenia,  Gray,  B.M.C,  p.  11,  1849. 

Peruvian  Re^^on. 
).  0.  Hardwickei,  Gray,  B.M.C,,  p.  8,  1849. 

Indo-Malayan  Region  (Singapore). 
..  0.  paBilluH,  Old.,  Moll.  Wilkes  Expod.,  p.  478,  fig.  591,  1852. 

Indo-Malayan  Region, 
t.  0.  mollia,  CId.,  Moll.  Wilkes  Exped.,  p.  479,  fig.  692,  1852. 

Fucilic  Insular  Regiou  (Sauoa). 
I.   0.  mimus,  GId.,  Moll.  Wilkes  Esped.,  p.  473,  fig.  587,  1852. 

Peruvian  Region. 
1.  0.  maonira,   Hutton,   Manual   N.   Zeal.   Moll.,   p.    1,  1880; 
Trans.  N.  Zeal.  InaL,  siv.,    p.   162,  pi.  vi.,  fig.   a. 
{dmililion),  1882, 
1886.  Oetopua  maomiii,  P»rker,  Nnture.  ixxii.,  p.  SBfl. 

New  Zealand  Regiou. 
>.  0.  coraranms,  Park,  Trana.  N.  Zo^il.  Inst.,  xvii.,  p.  198,  1885. 

New  Zealand  Region. 


222  PToetedingt  of  the  Bogai  Fhyneal  Soday. 

66.  0.  Harmandl,  de  Roohebr.,  Bull.  loc.  philom.  Puis  [7],  vi, 

p.  73,  1882. 
Indo-Malftyan  Region. 

67.  0.  piloBaB,  BisBO,  Hist  N&t  Eur.  m^rid.,  vr.,  p.  4,  1826. 

Mediterranean  R^on. 

68.  0.  Peronil  (Lear.),  d'Orb. 

1821.  SepiaFtrmii,  Lesr.,  Jonm.  Ac«d,  N«L  ScL  PhJUd.,  ii,  p.  101. 
18*5.  OcU^na  Peronii,  d'Orb,,  Moll,  tit.,  p.  185. 
Australian  R^on. 

69.  0.  longipes,  Leocb,  Zool.  Miacell.,  iii.,  p.  139,  1817. 

Hab.) 

70.  0.  graDOsnB,  Blv.,  Diet  d.  Sci.  Nat.,  xlilL,  p.  186,  1826. 

Mediterranean  R^on. 

71.  0.  fimbrUtns,  Riippell,  MS. 

1838.   (ktoinajimbriaiut,  d'Orb.,  C^ph.  nciL,  p.  64. 
Red  Bea  Region. 

72.  0.  tang-Oso,  d'Orb.,  C^ph.  ac^t,  p.  70,  1833. 

Japanese  Region. 

73.  0,  CEemlescens,  P^ron. 

1826.   Ocl'^mt  aendaems,  BIt.,  Diet  d.  Sci.  Nat,  xliiL,  p.  189. 
Anstralian  Region. 

74.  0.  didynamns,  Raf.,  Prfeis  d^ouv.  somiol.,  p.  26,  1814. 

Mediterranean  Begton. 

75.  0.  tetradynamiiB,  Baf,  loc.  cit. 

Mediterranean  Region. 
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Cistopns,  Gray,  1849. 

1.  C.  iBdiCBB  (Rapp,  MS.),  Gray.i 

1838.  Odoyiu  inditia,  d'Otb.,  Ceph.  aci-t.,  p.  21,  pi.  nnr.  ;  p].  xxvi., 

figs.  It. 
1849.   Cistopvs      „        Gn^,  B.M.C.,  p.  20. 

South  African  tinA  Indo-Malaynji  Regions. 

ScfflnrgUB,  TroBchel,  185T. 
1.  S-  titajiotna,  Troschel,  Archiv  f,  Naturgescb.,  xxiii.,  1,  p.  SI, 
I>1.  iv.,  figa.  4,  5,  1857 ;  op.  du.  xxiv.,  1,  p.  298, 1858. 
MeJiUrraneaD  Region. 
•J..  S.  nniciiTus  (<J.  Ch.,  MS.),  Tibeii' 

1838.  Otlopm  unieiirkus,  d'Orb.,  Ciph.  M*t,  p.  70. 

1851.       „        Coao,  Vil..  Wph.  medit.,  p.  22,  pla.  lii.,  lii.  bi». 

1S&7.  SattiTffiii  Coao!,  Trosch.,  Archiv  f.  Naturgeach.,  xxiii.,  1,  p. 

57.  pi.  iv-,  fig.  6. 
1380.        „  unicirrhua,  Tiberi,  Bull.  soc.  mill,  ilal.,  vi.,  p.  12. 

Mediterranean  Region. 
3.  S.  tetracirrhna  (d.  Cb.,  MS.),  Tiberi. 

1838.  Octopila  Uimrirrhns,  d'Orb.,  Kph.  acit.,  p.  38,  pi.  xx'u. 

1851.         ,,  .,  Vie..  Cfph.  tDAdit.,    p.   25,   pi.   vii.   I.U, 

figs.  1,  2. 
1880.  Scarurgiis  „  Tiberi.  Bnll.  m.il.  ital.,  vi.,  p.  12. 

1882.  PUracUipia      „  Fiscbsr,  Man.  de  Cuncli.,  p.  331. 

Meilitcrninean  Region. 

Eledone,  Leach,  1817. 
Oyev/i,  RariiicBqur'. 
I.  E.  moschata  (fjink.),  Ijfnch. 

17B9.   Odvpiu  moxh-ilus,  Link.,  Mftti.  Soc  Iliet.  Nat  Puris,  i.,  p.  22," 

pi.  ii. 
1817.  EUdom  moachaUi,  Lenub,  Zool.  Mincell.,  iii.,  p.  133. 
1838.       ,,  ,,  d'Orb.,  C^ph.  sc^t,  p.  72,  p!s.  i,,  {.his,  lii. 

1851.       „        moKhaiiit,  Vcr.,  Cipb,  midit.,  p.  7,  [ils.  iv.-vi. 
Mediterranean  Region. 

'  Jost  at  the  timo  of  goin^  to  press.  Professor  ateonatrnp  wriCra  mc  tbnt  it 
is,  in  hia  opinion,  verj  iluulitfu]  whether  d'Orhignj'a  tno  figures  represent  th<i 
MToe  ipeciei.  B«  ia  dispoaeil  to  regard  tlio  tjpo  of  Rapp'a  apecics  aa  liavinj; 
b«(>ii  B  tmo  Oelapu3,  and  Tor  tho  rorm  with  pouchss  between  the  nrnis  he  liao 
ndoptiHl  the  namo  CMopia  bunarivx. 

*  Vironjr  {he.  fit.,  p,  24)  admit*  that  lila  Octopat  eocco  is  idEntical  witb 
della  Cbii^'e's  (ktaput  unfejrrAiur,  and  also  reeognisca  the  priority  of  the 
latter,  nnder  which  circumstances  there  can  he  no  doubt  thnt  the  name  haa 
been  rightly  restored  by  Dr  Tilwri.  U'Orbinoy  regnrdwl  it  nn  a  Kyumiym 
of  Oeinyivi  vulgiiTii. 
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2.  E.  Cim>»a  (Lmlc.),  d'Orb.' 

1776.  Stpia  odopodia  (7J,  PeDnant,  Brit  Zool.,  iv.,  p.  S3,  pi.  xxriiL, 

8g.  *4. 
17SB.   Ocloput  drrhoiuM,  Lmk.,  Uem.  Sac  HiiL  KaL  Pui*,  L,  p.  21, 

pl.  i,  fig.  2- 
1811.  (koena  Aldrovaitdi,  Raf.,  Prtcia  d^av.  aomiol.,  p.  SO. 
1B27.  Odopui  twnirieanit,  Graut,  E<ltn.  N.  PbiL  Jonm.,  p.  SOS. 
1838.  BtidoM  cirrluMi,  d'Orb.,  Cipli.  tcit.,  p.  7».  pl.  iL 
1843.       ,,        FennanUi,  Hacgtllivray,  MolL  Auim.  Scot.,  p.  81. 
1843.       ,,        AldTovandi,  HacgilliTray,  op.  cit.,  p.  32. 
1851.       „  „  Yii.,  Cjpb.  m^it.,  p.  12,  pla.  a,  iii 

1851.       „        Oenei,  Vtr.,  op.  eU.,  p.  16,  pL  i. 
1886.       „        cirrota,  Hoyle,  Chall.  Ceph.,  p.  101 

Scandmaviiut,  Lusitaniaii,  aod  Meditenunean  Regiona. 

3.  E.  Temicoaa,  VIL,  "  Blake  "  Rep.,  p.  105,  pig.  v.,  vi.,  1881 ; 

Ceph.  N.  E.  Amer.,  p.  380,  pis.  Hi.,  liii,,  1881, 
18SS.  SUdviu  vemtcota,  Ho;le,  Chall.  Ceph.,  p.  104. 

Atlantic  and  Pacific  Oceans ;  New  Englaad  B^on. 
i.  E.  rotnnda,  Hoyle.  Diagnoses  I.,  p.  230,  1885;  Chall.  Ceph., 
p.  104,  pL  viiL,  figa.  4.C,  1886. 
Pacific  and  Southern  Oceans. 

5.  E.  breris,  Hoyle,  DiagDoses  I.,  p.  230,  1885;  Chall.  Ceph., 

p.  105,  pl.  viii.,  fig.  7,  I88C. 
Atlantic  Ocean. 

6.  E.  Balliana,  Bochebr.,  Monogr.  Elodooide,  p.  162,  1884. 

Lusitanian  Region. 
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13S1.  ITallia  acjiioidca,  liochebr,  Monogr.  EledoiiidiB,  p.  15S,  pi.  vii. 
isee    Hoylta        „         Rocbobr.,  Bull. aoc. pliilom.  PprU [7], is.,  p.  85. 
Lusitatiian  Region. 

Eledonenta,  de  Bochebrune,  1S84. 
I.  Filholiana,  linchebr.,  Monogr.  Eledonidie,  p.  157,  1884, 

Pacific  Iiisiiitti-  Region  (Fiji  Islanda). 
1.  microsicya,  de  Kochebr.,  Monogr.  EledonidiP,  p.  158,  1884. 

Bed  Sea  Region. 

EledoneUa,  VeniU,  1881. 
Japelclla,  Hoylc  (j»rfl). 
E.  pygmBEE,  VII.,  Second  Oata!.,  p.  145,  p!.  xxxii.,  fig.  2,  1884. 

Atlantic  Ocean. 
E.  diaphana,  Hoyle. 
188S.  Japettl/a  diapliaiui,  Hoyle,  DingnoscB  I.,  p.  232. 
1888.  Eledanella      „  Hoyle.Chall.  Cepli.,  p.  107.  pl.ix.,  figs.  3-C. 

Pacific  Ocean. 

Japetella,  Hoyle,  1885. 
J.  priBmatica,  Hoyle,  DittgnoHeBl.,f),  231,  1885  ;  CLall.  Cepb,, 
p.  109,  pi.  ix.,  figs.  I,  2,  1886. 
Atlantic  Ocean. 

Bolittena,  Steenstrup,  1859. 
B.  microcotyla,  Stp.,  MS.' 
185U.  Bulilama  gp.,  Stp.,  VM.  Mcd.k-I.  iiLit,  Fi.reii.  Kj„bciiliarn,  18C8, 
p.  133. 
Atlantic  Ocean. 


Suborder  II.  DECAPODA,  Leach,  1818. 

Division  I.   Myopsida,  d'Orbigny,  1845. 

Family  VII.  S  e  P  l  o  l  i  n  i,  Steenstrup,  18C1. 

Sepiola  (Rondelet,  1554),  Leacb,  1817. 

1.  S.  Bondeleti,  Leacb. 

'  BollUena  mUrotolyla,  lii«  a  soft  ovoid  body  of  ([olatinoua  ronsiiitonpy,  mul 
n  redtliih.pnrpU  colour,  somowliot  resembling  CirroteiUhU,  but  destitute  of 
Ens,  and  with  the  msntlo-opHniDg  vary  Kids,  extending  lyiyoiid  the  eyes 
iuatcid  of  being  r  nitiTow  njierture  inioiediately  Burniandiiig  tlic  funnel.  The 
nmiB  are  eoiDparativoly  xhort  and  slender,  webbedalmostnp  to  the  extremities, 
and  provided  with  a  single  row  of  T«ry  small  suckers.  Tlio  jawa  are  very 
little  curved,  and  tbe  raduU  is  remarkable  in  ttmt  the  rows  uf  tettU  present 
n  serial  ropetitiou,  tlic  Rfth  resembling  tbe  first. 

VOU  IX.  t 
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ISS8.  Stputla  Eomleltti,  Oeuicr,  Da  Aqa>t,  ir.,  i).  SSS. 

1S17.      „        BimiltUtu,  Leauh,  Zool.  Hitcalt.,  iii.,  p.  140. 

1830.      „  „  d'Orb.,  C^|ib.  tc^,  p.  SSO,  pi.  L,  Bgi.  1-6; 

pi.  ii.,  6gi.  8-18  ;  pi.  iii.,  fig^  S-9. 
1845.  „  ouanica,  J'Orb.,  Moll.  «»■.,  pi.  i.,  fig.  18  (err.). 
ISflS.      ,,        major  {\),  Targ.,  Cer.  Miu.  Fireoze,  p.  4G. 

1886.  „        rmtdtltli,  Hoyle,  CbnlL  Cepb.,  p.  110. 
ScondiuavuD,    LuBitanian,    MeUitcrranmn,    uid    West 

Afriam  Regions. 

2.  S.  Owenlana,  d'Orb. 

1S3B.  SepUila  Oieentana,  d'Orb.,  C£ph.  licit,  p.  229,  pi.  iii.,  Bga.  1-5. 

1887.  „  „  (!)M<>rcb,  Viil.  Meddel.  u>t  Foren.  Ejobea- 

havD,  p.  101. 
1879.      ,.  „  (I)  Trjrou.   Man.   Conch.,   vol.   I,   p.    ISO 

{M'ilnt). 
Hab.T 

3.  S.  paciflca,  Kirk,  Trans.  N.  Zeal.  Inst.,  xiv.,  p.  383,  1682. 

Mew  Zealand  Region. 

4.  S.  atlantica,  d'Orb.,  C^ph.  aciit.,  p.  235,  pi.  iv.,  figs.  1-12, 

1839. 
Liisitanian  Begion. 

5.  S.  stenodactylfl,  Gmnt,  Trans.  Zool.  Soc.  Lond.,  i.,  p.  84,  pi. 

ii,  figs.  1,  2,  1833. 
Soiitb  African  Region  (Mauri tin h). 
fi.  8.  pnailla,  Pffr,'  Ceph.  Hamb.  Mus,  p.  7,  fig.  9, 1884. 
Atlantic  Ocean. 
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IniotenthiB,  Vei-rill,  1S81. 
1.  I.  japonicft  (Tileeiiw,  MS.),  VII. 

1939.  Scpiola  Jnpmikn,  .I'Orh.,  Cejili.  nc.'t..  p.  231. 
1881.  IniolaLthU    „        Vll.,  Cqili.  N,  E.  Amor.,  p.  417. 
JapoDeae  Region. 
3.  I.  Morsei,  Til. 

1881.  InioUaUiU  Xorsri,  TIL,  Copli.  H.  E.  Amor,  p.  *17. 

IBS*.  Stpiola  huTM  (1),  Pff>.,  Ceph.  Hamb.  Mub.,  p.  6,  Br.  6. 

188(t.  InioUiUhU  Moraei,  App..  Japamka  Ceplu,  p.  IH.  pi,  ii.,  ligs.  15, 

18:  pi.  iii..  %'.  IB,  19,  20.  23. 
1886.         „  ,.      Hojie,  Chnll.  a-ph.,  p.  112,  pi.  liiv,,  figs.  1-9. 

Japanese  Region. 

Stolotenthis,  Terri]],  1881. 
1.  S.  lencoptera,  VII. 

1878.  S^la  haeoplem,  Vil.,  Amer.  Jonrn.  Sci.,  xvi.,  p.  378. 
1881.  Slul«UMthi,   „         Vll.,  Ceph.  N.  E.  Aiijer.,  pp.  347,  <18,  pi. 
xiii.,  ligB.  4,  S  ;  pi,  liv.,  lig.  4. 
Now  England  Region. 

Ncctoteuthis,  Verrill,  1883. 
1.  N.  PourtalesU,  Vll.,  "Blake"  Suppl.,  p.  108,  pi.  iii.,  fig,   1, 
1883. 
West  Indian  Region. 

Rossia,  0»-en,  1834. 
NeUroUiiChin,  Vll. 

1.  R,  palpebrosa,  Owen,  Rosa's  Secoml  Arctic  Voy.,  Nat.  Hist.,  p. 

93,  pi.  B,  fig.  1 ;  pi.  c,  1834. 
Arctic  Region. 

2.  R.  macroBoma  (d.  Ch.),  d'Orb. 

1829.  Sr/riola  ma^Tviiuma,   il.  Cb.,  Mem.  stor.   anin],,    t,    hxi.    ijiile 

Getr.  etv.  Ban.). 
1839.  ,,  „  Gerv.  etv.  Beu.,  Bull.  Acad.  Sci.  Bruxtllcs, 

ri.,  p.  3G. 
1S3S.  Bastia  „  d'Orb.,  Cifh.  acit.,  p.  24G,  pi.  Iv.,  figs. 

13-24. 
ISOl).      „       Faiiecri,  TBrg.,Ci>ph.  Mus.  Firenzo.p.  46, pi.  rii.,  flg.  7  (^). 
Scandinavian,  Meditarranean,  and  Arctic  Regions. 
3.  R.  Oweni,  Ball,  Proc.  Roy.  Irish  Acad,,  ii.,  p.  193  {(J).> 

■  There  can  lia  littls  ilunbt  that,  as  Stceiistnip  tins  uuggoatvd  (Hectocutyl., 
p.  IG),  the  two  fonns  described  liy  Boll  are  of  diOcrent  texts  and  not  of 
differout  species,  altliough  it  ia  not  true,  ea  stated  by  Jeirrojs  (Brit.  Conch., 
v.,  p.  134),  that  be  " eomiders  ii.  Oiwnii  uf  Bull  tho  inuiB,  auU  hia  A  JniwWi 
the  femalo,  ot  A  rmeroaema."    The  disliuguishiug  clmrHCters  indieatodh 
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1S12.  JlM$ia  Jaeobi,  Ball,  Pmr.  Boy.  Irith  And.,  ii.,  p.  1S3  ($). 
1S45.      ,,      Owcnii,  haviu,  Ofvenigt  k.  Tct«ii«l(.-A1ud.  F9rliMidL, 

p.  121. 
1S58.       ,,  .,       ForbM  and  Hanlsj,  Brit  HolL,  ir.,  p.  323,  pL 

BS8,  fiR.  1, 

ISSS.       „      ovieJii,    HoJ'Ib,  Chall.  Ceph.,  p.  114 ;  pL  zr.,  fig*.  1-B. 
Scandioaviui  Region. 
4.  B,  gUncopls,  Lov^n,  Ofverugt  k.  VeteoBk.-Akad.    FdrhondL, 
p.  121,  1845. 
1860.  Soaia papillifern,  JcfTrajri,  Rrib  Conrh.,  v.,  p.  1S4.> 
187B.      „      glaueopU,  S*rs,  HoU.  Srg.  Arct.  Norv.,  p.  337,  id.  xxiiL 
1886.       „  „        Hoyle,  Gliall.  Ccjih.,  p.  US. 

Scandinavian  and  Arctic  Regions. 
.1.  R.Hyatti,  TU.,  Amer.  Journ.  ScL,  xn.,  p.  208,  1878;  Ceph. 
N.  E.  Amer.,  p.  351,  ]>\.  xxvii.,  figa.  8,  9;  pi.  xxx., 
fig.  1 ;  pl.  xxxi.,  figH.  1,  2 ;  pi.  xlvi.,  fig.  5,  1881. 
New  England  Region. 
C.  E.  BobleviB,  Vll. 

1878.  Russia  siAUcvu,  Vll.,  Amer.  Journ.  Sci.,  xvi.,  p.  200. 
1SS1.       ,,      tiaUtil,  Vll,  Cupti.  N.  K.  Amer.,  pp.  3!i4,  410,  pl.  xxx., 
fig.  2 ;  pl.  ixil.,  fig.  3  ;   pl.  xlvi.,  lig.  4  ;  p). 
xlvli.,  fij!«.  2-4. 
1888.       „  „       Hoyle,  Clittll.  Ceph.,  p.  117. 

New  England  and  Fatogoiiian  Regions. 
T.  R.brachyara,  Vll.,  "Blake"Suppl.,  p.  llO.pl.  iiL,  fig.  2, 1883. 
West  Indian  Region. 
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11.  R.  megaptera,  Vil.,  Ceph.  N.  E.  Amer.,  p.  341),  pi.  xxxviii., 

H-.  1  i  pi.  xlvi.,  tig.  6,  1881. 
Atliiutic  Ocean ;  New  England  Region. 

Heterotenthis,  Gray,  IS49  (hom  VeriUl). 
Itoisia,  V^nuiy  el  Auctt.  (pars). 
1.  H.  diflpar  (RHppcll),  Gray. 

]a45.  SirpuiUt  ditpar,  Kflpp. ,  Ciorn.  Gab,  Messinii,  t.  htL  [fide  Ver. }, 

1849.  RoHia  (/fdferofcuMiJi)  diipar,  Gray,  B.U.C.,  p.  90, 

185!.       „      ditpar,  Vir.,  Ciph.  mmt..  p.  63,  pi.  xxiii.,  figs.  d-h. 

1857.  ,,  „      Trosch.,  Arcliiv  f.  Naturgeach.,  iiiii,,  1,  p.  62, 

pi.  [v.,  Brs.  7,  8. 

1858.  „  „      ClttQS,  op.  cU.,  xxiv.,  1,  p.  259,  TaF.  x,  fig  5. 
Mediterranean  Region. 

Promachotenthia,  Hoyle,  1885. 
1-  P.  megaptera,  Hoylo,  Nair.  Chall.  Exp.,  L,  p.  273,  fig.  lOD, 
1885;  Chall.  Ctpli.,  p.  120,  pi.  xiv.,  figs.  10-14,  188C. 
Pacific  Ocean. 


Fiunily  VIII.   Seciarii,  Steenstnip,  1861. 

SEPtli.«,  il'Orb.  (pars). 

Subfamily,  SEPiiDARii,  Steenstrup,  1881. 

Sepioloidea,  d'Orbigny,  1839. 

1.  S.  lineolata  (Q.  et  O.),  d'Orb. 

1832.  Sejiinla  linrulatn,  Q.  et  C,  Voy.  "AatruluUe,"  ii.,  p.  82,  pi 

figs.  8-13. 
1839.  Sepioloulea  Unfata,  d'OiIj.,  Ceph.   ttcot.,  p.   210,  pi.   iii., 

10-18. 
1881.  ,,  „        Stp.,  Sep.  og  Miosop,,  p.  233. 

1881.  ,.  ,.        Itrock,    Zoitnubr.    T.    v\n».    Zuol.,   xl, 

105-120. 
Atistralian  Reipnn. 

Sepiadariam,  Steenstrup,  18S1. 
1.  S,  Kochii,  Stp.,  Slip,  og  Idioaep.,  p.  214.  pi.  i.,  Cga.  I-IO. 
InUion  Ocean. 

Subfamily  Idiosepii,  Steenstrnp,  1881.' 
Idioaepins,  Steenatrup,  1881. 
1.  I.  pygmieUB,  Stp.,  Sep.  og  Idiosep.,  p.  219,  pi.  i.,  figs.  II- 
1881. 
Indian  Ocean ;  Zndo-Uolayan  Region. 
■  Stmoatinp  {op.  cit.,  p.  22t)flDf;gesta  the  possibilily  that  CmiicAin  mini 
Fir.,  aud  Loli-/opii$ peT</nM,  Link.,  mny  ba  alliud  to  tUis  form. 
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8plrala,  Lamarck,  leOIJ 

1.  8.  PeronU,  Lmk.,  Anim.  b.  vert,  viL,  p.  601,  1622. 

1870.  Spirilla  Pert»iii,  AguBii,  BulL  Miu.  Comp.  ZoSI.,  r.,  p.  V>S. 
186S.  Ammimia  lavii,  Anfiu,  Proe.  ZooL  Soc.  Land.,  p.  IG7. 
1S8S.  Sjnrula permii,  Hoyle,  CbmlL  Ceph.,  p.  122. 

VTeat  IndifiLD,  Indo-Ualajan,  and  Aaatralum  Be^os.* 

Subfamilj  Euskpii,  Steenstrup,  1881. 

Sepia,  Liimd,  1766. 

JUoutioMpion,    Lophntrpion,        \ 
Bpalhidiarpian,  DoralotrpioH,      }  de  Rocbebrnne.* 
Atearot/Jiun,     Acautlmaepioit,    I 

1.  S.  officinalis,  Liaa,  Fauna  Suecica,  No.  2106,  1761. 

183B,  Sepia  effieinalit,  d'Orl),,  Ci'lili.  «cvl.,  }'.  260,  pL  i.  ;  pi,  iL,  figi. 
4,  G  ;  pi.  iii.,  figa  1-3  ;  J.l.  ivii.,  figs,  1,  2. 
Scandinavian,    Luaitanian,     Uedittirranean,    anil    Weat 
African  Regions. 

2.  S.  Fillionzii,  Lafont. 

183S.  Sepia  officinalit,  d'Orb.,  C«ph.  ac^t,  pt.  il.,  tigs.  1,  2,  3. 

18B1.       „  „  V«r.,  Ce|ib.  niAdit.,  pt.  xxv. 

1S6S.      ,,    Fillivvxii,  Lafant,  Bull.  Awoc.  Sci.  Franc,  No.  81  <jl(t( 

Laf.). 
1869.       „  „  Lafant,  Jaurn.  deConch.  [3],  ix.,  p.  11. 

LuMtanian  and  Mediterranean  Rt^gionn. 

3.  S.  myraas,  Gray,  B.M.C.,  p.  108,  1849. 

Indo-Malayan  Region. 


r 
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Sepia  niirrrdda,  rt'Oib.,  Cipli.  Rc^t.,  p.  268,  ]>la.  xiii.,  sviii. 
J875.      ,,     hieredda,  Stp.,  Hoinisep.,  Ji.  478,  pi.  H,,  fig.  2, 
West  and  South  African  Regions. 
(1.  S.  Vicelliaa,  Gray,  B.M.C.,  p.  100,  1849. 
Hab.) 

7.  S.  Savignyi,  Blv.,  Diet.  Sol  Nat.,  xlviiL,  p.  285,  1827. 

1S27.  Sepia  ojficinalii,  Aud.,  Eipl.  jil.  Hiat.  NaL  Egfjitc,  [i1.  v.  ;  pi.  i., 

fig.  3(jf.i:d'0rl>.). 
1839.      „      Savignyi,  d'Orlj.,  Ciph.  atit,,  p.  268,  pis.  xiii.,  xviii. 
Red  Sea  Region. 

8.  S.  Smitlli,  Hoyle,  Diagnoses  II.,  p.  190,  1885;  Chall.  Oq>li., 

p.  124,  pi  xvi.,  figa.  1-12,  1886. 
ludo- Malayan  Ruijion. 
'X  8.  papnensis,  Hoyle,  Diagnoses  11.,  p.    197,    1B85;    Oliiill. 

Ceph.,  p.  126,  pi.  xvi.,  figs.  13-23,  1886. 
I ndo- Malayan  llt-gion. 

10.  S.  PagBnstecheri,  Pffr.,  Ccpb.  Hamb.  Mus.,  p.  9,  fig.  12, 1884. 

liido-Malayaii  Region. 

11.  8.  plangon.  Gray,'  B.M.C.,  p.  104,  1840. 

1886.  St j'ia  plangon,  Hoyle,  Cball.  Ceph.,  p.  128. 
Australian  Region. 

12.  S.  aingaporenaia,^   Pffr.,   Copb.   Hamb.  Mus.,  p.  10,  fig.   13, 

18.S4. 
Indo-Malnyan  Region. 

13.  S.  polynesica,  Pffr.,  op.  di.,  p.  11,  fig.  14,  1884. 

Pacilic  Insular  Region. 

1 4.  S.  Bertheloti,  d'Orb.,  Moll.  Canaries,  p.  31,  1839  j  CSpb.  awSt., 

p.  214,  pis.  xi.,  xxiii.,  1839. 
West  African  Region. 

15.  8-  Verreami  (Rochebr.). 

1884,  AsaiTose/nun  I'artajixi,  lioclicli]'. ,  Monogr.  Btplodtt,  p.  S3, 
Australian  llogion. 
10.  8.  vermlcnlata,  Q.  et  G.,  Voy.  "  Astrolabe,"  ii.,  p.  64,  pi.  i., 
figs.  1-5,  1832. 
183D.  Srpia  ivriHieuIola,  d'Orb.,  Ci'ph.  Bttt.,  p.  27!>,  I'l-  iii.  lis. 
South  African  Region. 
17.  S.  latimanUB,  Q.  et  G.,  Voy.  "  Astrolabe,"  ii.,  p.  fiS,  j.l.  ii.. 


figs.  2-11,  1832. 
tSSe.  Sfpia  lalivuijuui,  d'Orb.,  C£pli.  acot.,  p.  283, 
pi.  xvii.,fig8.  18,- 17. 
Indo-Malayan  and  Australian  Regiomt. 
'  It  is  quite  poaaible  tliat  these  two  apociea  are  i"^ 
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18.  S.  eBOOlenta,   Hoyle,    Diagnoses  II.,  p.   188,   1885;   Chall. 

Ceph.,  p.  129,  pi.  xvii,,  figs,  1-5;  pi.  Jt»iii,,  figs.  1-6, 
1886. 
Japanese  Region. 

19.  8.  acnieata,  van  Hasseli.  Ma 

1S39.  S:j>ui  aeuleaia,  d'Orb.,  Ceph.  Kit,  p.  287,  pi.  v.  hit;  pL  xiv. 
1875.       „  ,,        Stp.,  Qemisep.,  pi.  ii.,  fig.  4. 

1S81.  Acanthoitpiim  HoiatUi,  Kochebr.,  MoDogr.  SepiadK,  p  101. 
Indo-Malayan  Region. 

20.  8.  indica,  d'Orb.,  C^ph.  ac^t.,  p.  288,  pi.  xxi.,  1839.> 

Indo-MRla^an  Region. 
31.  S.  zanzibarica,  FtFr.,  Cepb.  Hamb.  Uus.,  p.  9,  fig.  11,  1884. 
South  African  Region. 

22.  8.  rortrata,  d'Orb.,  Cdpb.  ac^L,  p.  284,  pi.  viii.,  fig.  6 ;  pi. 

xxvi.,  1839. 
1884.  AcaiUhoi^ion  spiuigtrum,  Kochobr.,  Monogr.  SupiadiE,  p.  103. 
Indo- Malayan  and  Australian  Regions. 

23.  8.  RouxU,  d'Orb. 

1S31.  Sepia  PharaonU  (1),  Ehrbg.,  Sj'iiib.   Pliya.,  An.  Holl.  Cepb., 

Sop.  No.  1. 
IS39.       „     BoMxii,  d'Orb.,  «ph.  ami.,  \>.  271,  pi.  lii. 
Red  Sea  and  Iiido-Mulayan  Regions. 

24.  8.  elliptica,  Hoyle,  Diagnoses  II.,  p  189,  1885;  Chall.  Cej^., 

p.  131,  pL  xiK.,  figs.  14-24,  1880. 
Indo-Malayan  Region. 

25.  8.  brevimana,  Stp.,  Hemiaep.,  pp.  475,  479,  1875. 
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1884.  Dnraloxpim  IrygoniituM,  Roclielir.,  Monogr.  SupinJa?,  p.  V7. 

Red  SeA  Region. 

■              S-2 

S.  recnrvirostra,  8tp.,  Heniisep.,  pp.  475,  479,  1875. 

1S86.  Sepin  rtxunirMlm,  Hoylc,  Cboll.  Ccph.,  p.  137. 

Indo-MaUyan  Region. 

1            33 

S.  Bulcata,  Hoyle,  Diagnoses  II.,  p.  192,  1885;  Cball.  Cepli., 

p.  137,  pi.  six.,  flgs.  1-13,  1886. 

I  ado-Malayan  Region. 

3t 

S.  Andreana,  Stp..  ITeuiiaep.,  pp.  474,  470,  p).  i.,  fit's,  11  10, 

1S75. 

Japanese  Itegion. 

35 

S.  andreanoides,  Hoyle,  Dingnosea  11.,  p.  1EI3,  18R5  ;  Cliall. 

Ceph.,  p.    139,  pi.  xxi.,  figs.  11-19;  pi.  xsii.,  fig.  11, 

1886. 

Japanese  region. 

3G 

S.  Peterseni,  App.,  .Tapauaka  Oepl.,,  p.  2.3,  p!.  ii.,  figs.  1-6; 

pi.  iu.,  fig.  21,  1886. 

Japanese  Region. 

37 

S.  kiensis,  Hoyle,  Diagnoses  II.,  p.  194,  1885;  Chall.  Ceph., 

p.  141,pl.  xvii.,  figs.  6-11,1886. 

In  do-Malayan  Region. 

3S. 

S.   koblenBis,    Hoyle,   Diagnoses   II.,  p.    195.    1885;    CbalL 

Ceph.,  p.  U2,  pi.  xviil,  figs.  7-14,  188G. 

Japanese  Begion. 

39 

S.  capenBis,  d'Orb.,  CMpl..  artt.,  pi.  vii.,  figs.  1-3,  1826. 

1832.  &]»a  aiistrali,,  Q.  ot  G.,  Voy.   "Aatrolftbe,"  ii.,  p.  70,  pi.  y.. 

tig,.  8,  7. 

1830.      „      taprttsit,  d'Orb.,  Wph.  «odt.,  p.  278,  pi.  rii.,  figs.  1-3; 

pi.  sii.,  figs.  7-11  ;  pi.  xrii.,  ligs.  18,  IB. 

13JB.      „      ^^^^(l),  Cmy,  B.M.C,  p.  100. 

South  African  Region. 

40. 

S.  elongata,  d'Orb.,  C^ph.  ac^t.,  p.  283,  pi.  xxiv.,  figa.  7-10, 

1 

1839. 

1 

Red  Sea  Region. 

I 

S.  elegana,  d'Orb.,  C<!pb.  acit,  p.  280,  pi.  vii!.,  B'^  1.5  ;  pi. 

1 

xxvii.,  figs.  3-6,  1829. 

1 

Mediterranpan  Region. 

I          4-2. 

S.  RuppeUaria,  d'Orh. 

■ 

183B.  S<:ina  Ruprtlaria,  d'Orb.,  ttpli.  ac*t,  p.  276,  pi.  iii.,  figs.  10-18. 

■ 

18&].      „      bi^iali,,  Vii.,  C^,,l,,  midil.,  p.  73,  pi.  xkvi..  fiss.  r,  k. 

■ 

■ 

p.  126. 

L 

LuBitnnian  and  Mediterranean  Regions. 
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43.  S.  Lefebrei,  d'Orb.,  C^]>h.  u^L,  p.  282,  pL  xzir.,  6ga.  1-6, 

18S9. 
Red  Sea  Region. 

44.  S-  palinata,  Oweo,  Trans.  Zool.  Soc  Lond.,  xi.,  5,  p.  134, 

pis.  xxiT.,  XXV.,  1881. 
AuHtralitta  Region. 

45.  a  apama,  Gray,  B.M.G.,  p.  103,  1849. 

Australian  and  New  Zealand  Regions. 

46.  8.  tabercolata,  Ijnk.,  M^m.  Soc.  Hist  Nat.  Paris,  i.,  p.  9, 

pi.  L,  fig.  1,  1799. 
1832,  .^epia  papiUata,  Q,  et  G.,  Voy.   "AntroUbe,"  ii.,  p.  fll,  pL  i., 

Br&  6-H. 
1S76.      „      ItOtreHlata,  Stp.,  Homisep.,  pp.  471,  i79,  pi.  I,  figs.  20, 
21  ;  pi.  ii.,  fig.  e. 
South  African  Region. 

Subgenus  Metasepia,  Iloyle  1885. 

47.  S.  Pfefferi,  Hoyle. 

1885.   Sepia  {McUiarpia)  Ffefftri,  Hoyle,  DEagnosea  II.,  p.  IDS  j  Clmll. 
Ccpli.,  p.  115,  ]il.  xxL,  tigs.  1-10,  1886. 
Indo-Malayau  Region. 

48.  S.  Tnllbergi,  App.,  Jaimnaka  Ceph., 

1886. 
Jajtancse  Region. 


!6,  pi.  iL,  figs.  7-14, 


(Species  insufficiently  characteriaed.) 
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55.  8.  goreensis  (Rochebr.). 
.884.  Acanl^wuBpion  Qoreemc,  Rutliobr.,  MoDOgr.  Sc*j>iaJn!,  p.  lOD. 

West  African  Region. 

56.  S.  enoplon  (Rochebr.). 

I8S4.  jicajilkoMpioii  enoplan,  Kocbebr.,  Monagr.  Sepiadee,  p.  IDS. 
MeditemmeaD  Region. 

57.  S.  oculifera  (Rochebr,). 

1884.  AcaniliOKpion  oc<ili/- mm,  Rotliobr.,  Monogr.  SepiadiB,  p.  107. 
West  Afiican  Region. 

58.  S.  antUlanim,  d'Orb.,  Moll.  Cuba,  i.,  p.  33,  1838. 

1815.  Sepia  antilln,r«m,  d'Orb.,  MoIL  TIV.,  p.  30O. 

West  Indian  Region. 

Sepiella.  Gray,  1849;  Bteenstnip,  1880, 
Srpiu,  Anctt.  {pan). 
1.  S.  inermiB  (van  HaaaeU,  MS.),  8tp. 

1830.  Sejmi  iiurmU,  li'Orb.,  CSpb.  acit.,  p.   288,  pi.  vL  lw(  =  (J) 

pi.  XX.,  riga.  1-9  (  =  9). 
183B.      „      nmnns,  d'Orb.,  Ciph.  acit.,  p.  288,   pi.  ii.,  figa.  1,  i 
(fide  Gray). 

1849.  „      micrackeirtii.  Gray,  B.H.C.,  p.  107. 

1S75,      ,,      ijurmii,  Stp.,  HBiniaop.,  p.  478,  pi.  it,  fig.  3. 

1850.  Scpidla    „   ■    Stp.,  Sepiella,  pp.  347-358,  iiga.  1-8. 
ludo-MaJttyan  Region. 

3.  8.  omata  (Rang),  Stp. 

1S37.  Stpia  omata.  Rang,  Hag.  Zoot.,  ann.  vii.,  cl.  v.,  p.  76,  pi.  ci. 
1838.     „         .,      d'Orb.,  C*ph.  aofit.,  p.  278,  pi.  xxil 
1849.      ,,  „       Qrty,  B.U.C.,  p,  100. 

1880.  Sepiella  „        Stp.,  Sopiella,  pp.  347-368. 
Went  African  Region. 

3.  S.  CQrta,  Pffr.,  Ceph.  Hamb.  Mua.,  p.  13,  fig.  IG,  1S84. 

lado-Malayan  Region. 

4.  S.  oceUata,  Pffr.,  np.  cit.,  p.  13,  fig.  17. 

In  do-Malay  an  Region. 

6.  S.  ovata,  Pffr.,  op.  cit.,  p.  14,  fig.  18. 

Hab.l 

G.  8.  obtusata,  Pffr.,  op.  cit.,  p.  15,  fig.  19. 
Hab.l 

7.  S.  tonrraimeBBis  (E.  et  S.),  Voy.  "Bonite,"  p.  33,  pi.  iii.,  figs. 

6-12.  1852. 
Ill  do -Malayan  Region. 

8.  S.  affiniB  (E.  et  B.),  oj).  cit..  p.  35,  pi.  iii.,  figs.  13,  14. 

Hub.  I 
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9.  S-  Haindronl,  Bochebr.,  Monogr.  Sepiadee,  p.  69,  1884. 

1896.  SepUlU  Itaindroni,  Hoyle,  Chtii.  Ce|ih.,  p.  149,  pi.  xxiL,  IIks- 
1-10. 
Indo-M&layan  aiid  Japaneae  Regions. 

10.  8.  (1)  Dabryi  (Rochebr.). 

1S84.  DiphOunrnpim  Dabryi,  Rochebr.,  Honogr.  Sepiwin,  p.  SI. 
I  ndo- Malayan  Region. 

11.  S.  (1)  Hartiui  (Rochebr.). 

18S4.   Diphtierotepim  Martini,  Ruclivlir.,  Honogr.  SepUiln,  p.  SI. 
Indo-Malajan  Region. 

Hemisflpiaa,  Steenstnip,  1875. 
1.  H.  ty^cns,  Stp.,  Heinisop.,  pp.  1G5  479,  pi.  I,  figs.  MO;  pi 
ii.,  fig.  1,  1875. 
South  African  Rngion. 

Family  IX.    Lolioinei,  Stcenatnip,  I8G1. 
Bepiotentbis,  Bkinville,  1825. 

Chondroarpia,  Lcuckut. 

1.  8.  sepioidea  (BW.),  d'Orb. 

IS23.  Leiigo  itpioidea,  Dlv.,  Journ.  ilo  Pliys.,  xcvt.,  p.  123. 
1839.  Sepiottulhia  upiiridca,  d'Orb.,  Ci\>\\.  acvl.,  p.  268,  pi.  viL 
1S75.  ,,  „         Stp.,  Uomiiwp.,  p.  47S,  pi.  u.,  egp.  7,  8. 

West  Indian  Region. 

2.  8.  BlainTilUana,  F6r.,  d'Orb.,  CtSph.  awSt.,  p.  303,  pi.  ii.,  1839. 
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^^^^^^        1839.  Sepiokiithii  lumihtla.  -I'Oth.,  Ciph.  at^iL.  p.  300,  pi.  In,, 

fig-  1 ; 

■                                                                                 ]>1.  Ti.,  (igB.  IS. 

H                           AuBtralun  unil  Pacific  Insular  Kegions. 

H            7.  8.  ovata.  Gabb,  A.mer.  Joiirn.  Conoh.,  iv.,  p.  193,  pi.  xvii., 

,  1868, 

^M                           West  Indian  Region. 

W             8.  S,  Sloanii,  Lench,  M3. ;  Gray,  B.M.C.,  p.  81,  lS4i?. 

*                             West  Indian  Region. 

'.).  S.  bilineata  (Q.  et  0.),  d'Orb. 

1832.   Sepia  fnlUieata,   Q.   ct  G.,    Voy.    "  Aati  olabp,"  ii.,  p.  66, 

fife'.  1. 

1839.  Srpiotcithi^  hUi«totn.  d'Orb.,  CiiiU,  te&L,  p.  301,  pi.  iv. 

,  ng.  2. 

New  Zealand  Region. 

Indo-Malaynn  Region. 

11.  S.  LeBSOniana,  F^r.,  d'Orb.,  Tabl.  mith.,  -Ann.  d.  Sci 

,  Nat., 

t.  vii.,  p.  1S5,  182G. 

1830.   ScpioUuthis  Lcs)>mia,ut,  Usson,  Voy.  "  Coqiulle,"  Moll., 

,  p.  2*1, 

1839.           „                   „           d'Orb.,  C^rb.  ac*t,  p.  302,  plB. 

i, ;  vi,. 

figH.  9-H. 

1886.          „                   ,.           Hojla,  Chidl.  Coph.,  p.  151. 

ludo-Malnyan,    Jiii>anc3e,    New    Zealand,     and 

Pacific 

Insular  Rcgioiia. 

12.  S.  loUginifonniB  (Lkt.),  d'Orb. 

Afrikn, 

WirLtai.  Th..  i^  21.  pi.  vi.,  fig.  I, 

1831.  Si-pioUaOiU  Ilnnimdiiii^),  Ehrbg.,  Sj-mli.  PLja.,  Auiir 

1.   Mull. 

Ccph. 

>'.,%  1, 

U(kI  Sea  Rt^on. 

(S]>ecie8  insuffiuientiy  cliuracterised.) 

13.  8.  major,  Gmy,'  Spicil.   Zool.,  |i.   3,  pi.  iv.,  fig.   1, 

1823; 

B.M.a,  p.  83,  1810. 

SoLitli  African  Region. 

11.  S.  madagascarienaia,  Gray,  B.M.C.,  p.  80,  1849. 

^^                           South  African  Region. 

H             LI.  S.  breviB,  Owen,  Trana.  Zool.  Soc.  Lond.,  xi.,  5,  p.  137,  pi.            ■ 

■                                 xxvi.,fig.  1,  1881. 

■ 

^1                           Japanese  Region. 

■ 

H            Ifi.  S.  amenaia,  d'Oib.,  Copli.  aci<t.,  p.  304,  1839. 

■ 

^H                           Japanese  Re^jion. 

■ 

^H                 '  Tho  fiRiiro  ia  Tory  aiiggealivu  of  Thyaanolriitliiy  rft™''r/,t,  Trosi-li 

^1 

^M             wliicli  Oray'a  rouiatk.  "tLo  giant  of  tho  Rciius.-  «ciiil.l  \,hu  ukuc 

J 
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17.  S.  arctlpiiuiis,  Old.,  Moll.  Wilkes  Ezped.,  p.  479,  fig.  693, 
1852. 
Pacific  Inaolar  Region  (Sandwich  Islands). 

Loligo,  Lamarck,  I799.t 
1.  L.  vnlgariB,  Lmk.,  M6in.  Soc  Htst.  Nat.  Paris,  I,  p.  11, 1799. 
1823.  lotigo  jnlAra,  Blr.,  DicL  Bci.  VtL,  iiviL,  p.  144.  ' 
Bangii,  Tir.,  C£pb.  actt.,  pi.  lii.,  figs.  4-6. 
vKZgnrtt,  d'Orb.,  C6\'h.  toit.,  p.  SOS,  pU  tUL-Z.,  xiu.  ; 

zxiii.,  ie^.  I-IS. 
ntgttcta.  Grey,  B.M.Q,  p.  72. 
Btrtktiotii  (I),  Vir.,  C«ph.  m«Jit.,  p.  BS,  pi.  xzztl,  flgs. 

h-k. 
vudiUnranea,  Targ.,  Cof.  Mas.  Firenze,  p.  SS. 
puUhra,  FiBcher,  Jouni.  d«  Coutii.  13],  ix.,  p.  129. 
Scandinavinn,  Liiaitaninn,  and  Mediterranean  Regions. 
,  L.  afflnis,  Lafont,'  Actea  Linn.  Soc.  Bordeaux,  xzviii.,  p.  273, 
pi.  xtii.,  1872  ;  Journ.  de  Conch.  [3],  xii.,  p.  22,  1872. 
Lnsitanian  Region. 
L.  macrophthalma,  lAfont,  opp.  dtl.,  p.  27-1,  pi.  xv.,  1871 ;  [3], 
xii.,  p.  23,  1872. 
Lusitanian  Region. 
.  L.  microcephala,  Lafont,  opp.  da.,  p.  273,  pi.  xiv.,  1871 ;  [3], 
xii..  p.  22,  1872. 
Lusitanian  Region. 
.  L.  Monhnri,  Lafont,  opp.  ci/t.,  p.  274,  1871  ;  [3],  xii.,  p.  23, 


A  Vaialogne  of  liecent  Cephalopoila, 


m 

^V  1673.  Loligo  brmijia,  Muruh,  Kacbrichtebl.  luoluk.  GesellBcli.,  Ni 

^B  (trr.  tjip.)  tjdt  Louz). 

^B  1875.      „      brmticepa,   Lcni,  Jnlireitb.  Comm.   Kiol,  Aiihang,  p. 

H  pi.  i..  flgB.  6,  6 ;  pi.  li.,  tiga.  1-9  (pub.  1873). 

^M  Scandinavian  Kegton. 

H  7.  L.  Forbeaii,  Stp.,  Hoctocotyl.,  p.  189,  pi.  i.,  fig.  2,  1856. 

^K  ISiS.  Loligo  magna,  Adams,  Gen.  Kec  Moll.,  pi.  iv.,  fig.  3. 

^^B  1871.       „      Forbaii,  Leaz,  Jabresb,  Comui.  Kiel,  Jabrg. 

^M  IBS.-!.       „                     Hoylc,  Proc.  Roy.  PI.yB.Sou.  Edin., 

^H  ScAndinavian  and  Lusitaniaa  Regione. 

H  8.  L.  Pealei,  Lesr.,  Joura.  Acad.  Nat.  Sci.  Philiul., 

H 

^1  1843.  Loligo  piinOata.  ie  Ray,  Moll.  New  York,  p.  3,  pi. 


p.  135. 


I8SI. 


fig.  1. 
.,  figa. 


,  fig.  1;  pis.  xl., 


5 ;  Chall.  Cqiii., 


..  24.  i>l. 


,  p.  132,  1823. 
;  Pl.  xi 


PealH,  VII.,  Ceph.  N.  E.  Aiuer.,  p.  308,  pl.  x 
1-4  ;  pl.  xsxvii.,  figs.  1-3  ;  pl.  m 
zli.  ;  pL  xlv.,  Uga.  3,  4. 
New  England  Region. 
9.  L.  ednlia,  Hoyle,  Diagnoaea  11.,  p.   !86,  18f 
1>.  152,  pl.  xxiii,  1886. 
Jupanoae  Region. 

10.  L.  patdgonioa,  E.  A.  Sm,,  Proc.  Zool.  Hoc., 

2,  1881. 
Fatagonian  Region. 

11.  L.  brasilienais,  Biv.,  Joum.  de  Pliya,  : 

isas.  Loligo  branilir^isii,  d'Orb.,  Cipb,  acit,  p.  318,  pl.  I 

lig.  1  ;  pt.  St.,  fig!).  1-5. 
188fl.      ..  „  Hoyle,  Cbail.  Ceph.,  p.  163. 

West  Indian  Region. 

12.  L.  gahi,  d'Orb.,  Aio^r.  m^rid.,  p.  60,  pl.  iJL,  figs.  1,  2,  1835; 

Cifph.  aciSt.,  p.  310,  pl.  xxl,  figs.  3,  4,  1839. 
Weat  Indian,  Pemvian,  and  Patagoiiian  Regions. 

13.  L.  kobieEBis,  Hoyk,  Diagnoaea  II.,  p.  184,  1885  ;  Chall.  Cepb., 

p.  154,  pl.  XXV.,  figs.  1-10,  1886. 
JnjianeDe  Region. 

14.  L.  Pfefferi,  Hoyle. 

1881.  Loligo  birvipin/iii4,  PITr.,  Copb.  Hanib.  Mils.,  p.  S,  fig.  4, 
1888.      „      i^tfferi.  Hoyle,  Chall.  Copb.,  p.  29. 
Pacific  Inuular  Region. 

15.  L.  snmatrensis,  d'Orb.,  C6pli.  aet't.,  p.  .31",  pl.  xiii.,  figs.  1-3, 

1839. 
Indo-Mabiyan  Region. 
IC.   L.  spectnun,  Pflh,  Copb.  Hamb,  Mus.,  p.  5,  fig.  5,  1884. 
Pacific  Inaulai'  Region. 
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17.  L.  Darancelii,  d'Ob.,  C^ph.  ac^t,  p.  318,  pis.  xiv. ;  xx.,  fl{^ 
C-IC,  1839. 
Indo-Maluyan  Ite^on. 
1&  L.  Indica,  Ffir.,  Ceph.  Hamb.  Mus.,  p.  4,  fig.  3. 

ISSfl.  Loti^  itutiea,  Hoylo,  Clitll.  Ceph.,  p.  ise,  pL  ixrL 
Indo-Ualuyan  It(>gion. 
1  i).  L.  Bleekeri,  Keferatcin,  Bronn,  Kiwis,  u.  Ord.  d.  ThierreichB,  iit, 
p.  1403 ;  i>l.  cjciii.,  figs.  9,  10;  pi,  ciivu.,  fig.  U,  1866. 
1882.  Loligo  BUtkeri,  Brock,  Zi'ilHulir.  t.  wiu.  Zoo).,  zxxvL,  p.  604. 
1886.       „  „        Api>,,  Jninuaku  Ce|ih.,  p.  31,  pi.  L,  figi.  7-10. 

Jajianese  Ilegion. 

20.  KJaponica,  Stp.,  MS.,  Hoylc,  Diagnoses  II.,  p.  1H7,  1885; 

Chsll.  Ceph..  p.  157,  pi.  iilv.,  figs.  7-15,  1886. 
Japanese  R^on. 

21.  L.  galathes,  Stp.,  MS.,  Hoyle,  Diagnoses  II,  p.  163,  1885; 

Chall.  Ceph.,  p.  159,  pi.  xxvii.,  1886. 
Indo-Malayan  Ilegion. 

22.  L.  BQbftlata  (Oerv.  et  v,  Ben.),  E.  et  S. 

1838.  Srpuda  ivhahUa.  0*tv.  tt  v.  Iltii.,  Hull.   Acad.  Sci.  Braxelles, 

v.,  p.  433. 
1852.  Lotigo         ,,       E.  ct  S.,  Voy.  "BoLii[«,"p.  30,  pi.  iiL.Bes.  1-6. 
Indo-Malayan  Region. 

23.  L.  Beynandil,  d'Orb.,  CtSph.  a<^t,  p.  315,  pi.  xxit.,  1839. 

South  African  Kegion. 

24.  L.  Plei,  Blv.,  Joum.  de  Pliya.,  xcvi ,  p.  132,  1823. 

1839.  Loligv  Fid,  il'Orb.,  CKpli.  act't.,  p.  312,  pla.  X¥i.;xKi».,  fig^  9-13. 
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18)5.   (hmnaslTrpha  arahicua,  d'Orb.,  Mull,  viv.,  p.  J28. 
1880.  Loligo  arabTca,  St|i,,  Oiolnnt.  Bliekspr.,  )>.  US. 
Red  Sea  Region. 

28.  L.  aastralis,  Gray,  B.M.C.,  p.  71,  1849. 

Aiistraliiui  Region. 

29.  L.  chinenais,  Gniy,  B.M.C.,  p.  74,  1849. 

ludo- Malayan  Region. 

30.  L.  Emmakina,  Gray,  B.M.C,  p.  71,  1849.^ 

West  Indian  Region. 

31.  L.  Hardmckei,  Gray,  Tl.M.C.,  p.  GO,  1840. 

Indo-Mukyun  1^'giott. 

32.  L.  hemiptera,  Howell,  Amcr.  Journ.  Condi.,  iiL,  p.  239,  |il. 

xiii.,  1867. 
West  Indian  Region. 

33.  L.  lanceolata,  Raf.,  Pn^cia.  diScouv.  8oniiol.,p.  29, 1814  (jiomen 

tuntutn). 
Mcditen'anean  Region. 

34.  L.  odogaditun,  Raf.,  op.  cit.,  p.  29  (nmmn  tani-iim). 

Mediterranefin  Region. 

35.  L.  tricarinata.  Gray,  B.M.C,  p.  73,  1849. 

Soutli  African  Region. 

36.  L.  GronovU,  Fdr.  et  d'Orb.,  CMph.  ac^t,  p.  319,  1839. 

1880.   Loligo  Onmotii,  Stp.,  Ommnt,  BluikB[ir.,  p,  07, 
Indo-AIalayan  Region. 

Loliplns,  Bteenstrup,  1856. 

1.  L,  typaa,  Stp.,  Hootocotyl.,  p.  194,  pi.  i.,  fig.  5,  1856. 

Hul>,1 

2.  L.  affinis,  Stp.,  op.  eiL,  p.  194,  pi.  i.,  fig.  6. 

Piifific  Ocean. 

3.  L.  Steenstrapi,  Dall,  Amer.  Journ.  Concb.,  vii.,  \i.  97,  1871. 

Califomian  Region. 

LoUigancula,  Stecnatrup,  1881. 
1.  L.  breviB  (Bkinville),  St^cnstrup. 

1828.  Loligo  brecU.  Blv.,  Journ.  do  Pbyi.,  xcvi.,  p.  133, 

1821,      „      hrmpiiina  (t).  Lea.,  Jouiu.  Aciul.  Nat.  Sci,  Pliiliul.,  iii 

p.  282,  pi.  X. 
1S3B.       ,,      brevity  d'Orb.,   C^ph.  nc^t.,  p.  3W;  Caiman,  pi.  xiii 

Rks.  4-6  i  pi.  IV,,  fig.  13  ;  pi.  ixiv.,  figa.  14.19, 
1S31.  LalliijuHcula  bnvis,  Stp.,  Sepiadariucu  og  IdioMpias,  p.  212. 
New  England  and  West  Indian  Regions. 
'  This  U  very  cIobk  to,  if  tiol  iJeatital  wilh,  L.  bnailieasiK. 
VOL.  IX.  y 
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Dirinon  II.  ^gopsida,  d'Orbignf,  1839. 

FiuDily  X.  Omhastrkphiki,  Steenstra]^  1861. 

Sabfamity  TnyeANOTKUTBiD^  Kefersteio,  I86S. 

ThjrBanotenthis,  Troschel,  1857. 

1.  T.  rhombOB,  Trowh.,  Archiv  f.  Naturgesch.,  xxiii.,  1,  p.  70, 

pi.  IT.,  fig.  12 ;  pL  v.,  figs.  1-4,  1857. 
1881.   TkyvutoUMtku  ThotabuM,  Vig«ljaa,  Hitth.  ZOoL  SUt  NMpal,  ii., 
p.  150. 
Mediterrane&n  Begion. 

2.  T.  eleganB,  TroBcheL 

1851.  SepioUuOiU  sietUa  (t),  Yir.,  Ciph.  mMit,  p.  76,  pL  ixriL 
1857.   Thynnoteuthii  eligatu,  Trosch.,  Arcliiv  f.  NktnrgMcb.,  xiiiL, 
1,  p.  74,  pi.  IT.,  figi.  10,  11. 
Mediterranean  Region. 

Subfamily  Ohhastrbpsida,  Gill,  1871. 
OmmastrepheB,  d'Orbigny,  1835. 

SAaioUtUkit,  VerrilL 
1.  0.  Bartromii  (Lear.),  d'Orb. 

1S21.  Loiigo  BaHramii,  Lesr.,  Joiini.  AvaiL  Nat.  ScL  PbiUd.,  ii.,  p. 

SO,  pi.  rii. 
1835.  Omrnattr^liiU  Bartramii,  li'Orb.,  AmSr.  mirid.,  p.  66. 
183G.  ,,  cylindriau,  il'Oib.,  C6pb.  ac^t,  p.  51,   pL   iiL, 
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1S50.   OiHinntoaCrejiha ptcropiu,  Sip.,  VJd.  Mettilol.  nut.  Foren.  KjSben- 
havil,  1866,  p.  117. 
:  „  „        Stp.,  op.  eit.,  1861,  II.  28B. 

I.  SOumoUuthit  „        VU.,  Cci>h,  N.  E.  Amcr.,  p.  228.  pi. 

.  Omma^ephes  tnuifer  (IJ,  Owen,  Trans.  Zool.  3oc.  Lond.,  iL, 
S,  p.  114,  pi.  XXI 
1885.   Omvuilvilreplus)  pUroptu,  Sip.,  Notae  Teuthol.,  T. 

Atlantic  Oceiin;  Scandinavian  and  Mediterranean  Regions. 
4.  0,  onalanienais  (Lesson),  d'Orb. 

183D.    lolUjo  Dui/anicniit,  Less.,  Voy.   "  Coqnille,"  Zool.,  p.   210,  pi. 
i.,  fig.  B. 
832.      „      txmikoriauia,  Q.  at  O.,  Toy.  "ArtroUbe,"  ii.,  p.  79,  pi. 

v.,  figs.  1,  2. 
832.       ,,      bmUattaeulata,  Q.  tXQ.,^.  eiL,  p.  81. 
839.  Ovtm/ulrepita ovalanmaU,  d'Orb.,  Ciph.  le^t.,  p.  351,  pis.  iii., 

xxi.  ;  pt.  i.,  &ff^  It,  15. 
802.  „  TVyonit  (I),  Gabb,  Pioe.  Acwl.  Nat.  Sci.  Pliilnd., 

p,  483,  with  plate. 
S03.  ,,  AyraiH,X),  Gabb,  Carpeiltor,  Eep.  W,  C.  Moll, 

p-  813. 
83Q.  Ommatostftpha  otaUaiamsis,  Stp.,  Ommat.   Dltskiipr,,  pp.  7<j. 

84,  etc 
880.  OmmiMrrpha  ,,  Hojlo,  Cball.  Ceph.,  p.  Ili2. 

Indian  and  Pacific  Oceana. 
pelE^cas  (Bosc),  d'Orb. 

802.  Sepia pclagica,  Bosc,  Hist,  nat..  Vera,  i.,  p.  ID,  pi  i.,  figs.  1,  2. 
83B.  Otiimiuirfphts pchi-jiait,  d'OiU,  C'iph.  miL,  p.  348,  pi  iviii., 

BgH.  1,  2;  pi  i.,  figs.  17,  18, 
819,  ,,  ,.  Oroy,  B.M.C,,  p.  63  {siib«pn,  Ilyalo- 

tcuAia). 
Atlantic  Ocean ;  West  Indian  Region, 
megftpteras  (Vll.),  Stp. 

878.  Anhileulhif  nugaplera,  711,  Amor.  Journ.  Scl,  nvi.,  p.  207. 
880.  Sthenoteutku        ,,  Vll,  Ceph,  N.  E.  Amur.,  pp.  223,  280, 

pL  xxi.,  figs.  1.9;  pi  xxvi. 
1880.  OmmalBitT^hex  megaptena,  Stp.,  Slben.  og  Lc«t.,  pp.  3-8. 
New  England  Region. 


(Species  insufficiontly  characteriaed.) 

7.  0.  eblans  (Ball),  Gray. 

1841,  Uligo  EhUtna,  BaU,  Proc,  Boy,  Irish  Acad.,  i.,  p.  383,  figs,  1-7. 
1S50.  Omrnaatnplun  EMarur.  Forbes  ami  Hnnley,  Brit,  Moll,  vol  iv  , 
p.  235,  pi  B9S.,  fig.  2. 
LtDtitimian  Region, 
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8.  0.  insignis,  fll.l..  M..II..\Vilk(«  V.x\»t\..  p.  4S0,  fig.  594,  1853. 

Soutliem  Ocean  ;  Pacific  Initiiliir  Bngion. 
0.  0.  crassus,   Lafont,   Aetoa  Liim,   Soc    Honinaux,   xxriii..  p. 
275,1.1.  xvi.,  IS7I. 
LusitanUn  Itogioo. 
10.  0.  Eeqaipodas  (Riipp.),' 

1844.  Lotigo  irpiipoiia,  Bopp.,  Giom.  0»K  Mranns,  xiri.  IJUt  Vir.X 
18G1.       „  „         ViT.,Cipii.  niidiL,p.  lOG,  pi.  U3CT.,  fig*,  a,  h. 

Mediterranenn  Region. 


DosidicilB,  Btcenstmp,  1867. 

1.  D,  Eachrichtii,  Stp.,  Ovursigt  K.  D.  Vid.  Selsk.  Foilmndl.,  p. 

II,    1857;  Omnmt,   Bkkspr.,  pp,  79,  81,   S9,  wilh 
woodciits. 
Mcditcmtnoitn  Eugiua 

2.  D.  SteenBtrnpii,  Pffr.,  C-pli.  lUml-.  Mua.,  p.  20,  fig.  27,  1881. 

Hnb.t 


Todarodea,  Stconstrnp,  188(1, 
Ommmtrcphts,  d'Orliignj-  {pan). 


.,  SvVn,  Iter.  Nat.  The*.,  lit.,  pL  i 


1.  T.  Bagittatnfl  (Link.),  Stp. 
1768.  Loliginu  *pe-ria  maxi- 

fie».  I,  a. 
1709.  Loliga  xigillaia,  Ltiik.,  Uim.  Sac,  IHsL  Knt.  V».na,  i.,  p.  13. 
.,  d.  Cli,,  Mi-iii.  8lor.  BOim.,  i».,  p.  Ifll.  pi.  U. 


b 


A  Catalogue  of  Recent  Ce}/haloj)oda. 
lUex,  Steensfcrup,  1880. 

Omniasir^hes,  il'Orbigny  (pars). 


.  I.  JllBcebrosns  (Lesr.),  Stp. 

1321.  Latv/a  ilkeebroaa.  Lost.,  J oam.&t^.  Sat.  Set.  FbiUcL,  il,  p.  05, 
1S25.       „      pacal.mim,  la  Pylaio,  Ann.  Sci.  Nat.  [11,  iv.,  p.  318. 
1639.  Otajoatlrcpha  ngiUaiui,  d'Orb.,  C^pli.  adi.,  p.  iiH,  |)U.  iv.. 

vi.  (par,). 
1880.  Illcx  illcabroans,  Stp.,  Ommat.  BlaeliBpr.,  pp.  82,  90,  etc. 
13SI.   OniiaaslTCjihti  ilUcebrom,  VIL.  Ci'pl).  N.   E.   Amcr.,  p.  2(IS,  pi. 

xxyiit.;  pi.  «i..,  fig.  5;  pL  ixivii.,   fig.   S; 

pi.  ixxii. 

Atlantic  Ocean ;  New  Engl&nd  Region. 
■i.  I.  Coindetii  (V6r.),  Stp. 

1837.  Loligo  Onndelii,  Vii.,  Mani.  Aecad.  Sci.  Torino,  i.,  p.  91,  pL  iv. 
IS39.  Ommaalrephei  aa^'Ualiu,  d'Orb.,  C<ph.  ac£t.,  p.  34S,  pi.  i.,  Gga. 

1-10  {pars}. 
1B51.  ioJMpift7te!(!),  V^r..  Ceph.  midit..  p.  112,  pi.  uivi.,  figH,  d.g. 
1880.  /Ufx  CoituUtii,  Stp.,  Omnmt.  BlmkBpr.,  pp.  82,  90,  ote. 
ScandinaTian,  Luaitanian,  and  Mediterntatiaa  Regloua. 

Architeatbus,  Steenstrup,  1S56.< 
ATthUculkU,  Aufitt. 

1.  A.  monadias,  Stp.,  Skand.  Naturf.  Foihandl.,  vii.,  p.  182, 1857 

{luimen  tantum). 
1361.  ArchUtathis  diix,  Ilarting,  VcrhniideL  k.  Akad.  Wotcn.,  ix.,  p. 

II.  pi.  i. 
1880.  ,,  mmuuJaia,  VII.,  CepL.  N.  E.  ATnor.,  pp.  238.24G. 

1880.  „  Bartinffii (,'.),  VIL,  op.  ciL,  p.  240, 

Atlantic  Ooean. 

2.  A.  dnx,  Stp.,  Skand.    Naturf.    Forhandl.,   vii.,  p.    182,    1857 

(noni^n  tantum). 
1802.  laligo ^ouycri {1),  Crosso  ot  Fisclier,  Joum,  de  Condi,  (3],  ii., 


133. 


1875,  ATchitiiilAis  dvji,  GvrvniK,  Jaurn.  doZool.,  iv.,  p.  !I0. 

1880 VU..  Coph.  N.  E.  Amcr,,p.  238. 

Atlantic  Ocean  ;  Scandinavian  Region. 
.  A.  harveyi  (Kent),  Vll. 

1874.  AfcfjaluUidhU  IJarveyi,  Kent,  Troc.  Zool.  Soo.,  pp.  178,  489, 
1880,  ArchiUtUhia  „        VIL,  Capb.  N,  E.  AuiBr.,  p.  1»7,  p 

xiii.-xvia. 
1S82.  ,,  ,,        Vll,,  (51.  ei(.,  p.  422. 

Atlantic  Oceaii ;  New  England  Region. 


'  7ot  generic  clinraotera  mc  Stetna 
Ojpb,  N.  E.  Am<u-.,  p.  197- 


I,  Omniat.Blickspr.,p,  103;  and VII., 
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4.  A.  princeps,  VU.,  Amer.  Jonm.  Sol,  ix^  pp.  1S4,  181,  pL  v., 
187S. 
laSO.  JrAiletOhit  prittetft,  TIL,  Ciph.  IT.   E.  Amer.,  p.  SIO,  pU. 

Atlantio  Ocean;  New  England  Region. 
6.  A.  Hartensi  (Hilgdf.),  Stp. 

18S0.  MtgaUuAiu  Martaini,   Hilgdf.,   SitimigibL   natorf.    fronnda 

B«rIiD,  p.  6E. 
1S82.  ATthUeuOuu  laaTlmmi,  Stp.,  Notn  TeatboL  III.,  p.  1S7. 
Japanese  Region. 
6.  A.  grandis  (Owen),  Vli. 

1S81.  PUeUUiMii  grandit,  Owen,  Trans.  Zool.  Soc,  xi,  G,  p.  156, 

1881.  jlrehiteuliU       „       VU.,  Oph.  V.  B.  Amer.,  p.  100. 

1882.  jirchHaUluuti..,  Stp.,  NotaTcQtbol.  IV.,  p.  184. 
Hab.1 


HoncheEia,'  V^lain,  1877. 
1.  H.  Sancti-Panli,  Villain,  Archives  Zool  eip^r.,  vL,  p.  83,  fig.  8 
{err.typ.t). 
South  African  Region, 

Tracheloteatbis,  Steenstrup,  1881. 
VerriUiata,  Pffr. 
Entomoptii,  Rochcbr.  (T). 
1.  T.  BiiBei,  Stp.,  Vid.  Meddel.  tiat.  Poren.  Kjiibenhavn,  p.  294, 


^KSMJ 
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I 

Bathytenthia,  Hojle,  1885. 

fl 

BcnthoU«ihi»,  VerrilL 

^1 

1.  B.  abyssicola,  Hoyle,  Norr.  OhaU.  Exp.,  p.  272,  fig.  108,  1885  ; 

^1 

Cbiill.  CepL,  p.  168,  pL  xxis.,  figs.  1-7,  1880. 

_  ^M 

Sou  the  I'll  Ocean, 

^M 

±  B.  megalops  (VU.). 

'^M 

1885.   Btnl/wtiuUiU  mcyalops,  Vll.,  Third  Catal.,  p.  102,  pi.  xliv.,  Dg.  1. 

^^M 

Atlantic  Ocean. 

H 

SteeiiBtnipiola,  Pfeffer,  188i. 

H 

1.  a.  chUensia,  Pflr,  Cq.l..  Il^mb.  Mub.,  p.  16,  fig.  20,  1884. 

^1 

Peruvian  Region.'                                                                    ^^ 

^^H 

'1.  S.  atlantica,  Ffir.,  op.  cit.,  [>.  17,  fig.  31.                                     ^H 

^^H 

Atlantic  Ocean.                                                                     ^^M 

^H 

Suljfamily  MASTiooTEUTUiD.fi,  Verrill,  1881. 

^u 

Maatigotenthia,  Ven-ill,  1881. 

1 

1.  M.  Agaasizij,  VU.,  "  Elalto  "  Rop.,  p.  100,  pis.  L  ;  iL,  figs.  2,  3, 

H 

1881 ;  Ceph.  N.  E.  Amer.,  p.  297,  pla.  xlvlii.,  ilix,, 

^1 

figs.  2,  3. 

^1 

ISSe.  il(tsli30Uuika  agaisisii,  Hoyle,  Chall.  Cepb.,  p.  170,  pi.  xxix., 

^1 

figa.  8-10. 

Atlantic  Ocean. 

H 

Faraii/ XL  Onych  1 1,  Steenatrap,  1361. 

1 

Subfamily  Onyciioteutuidj:,  Gray,  1849  {nenau  strielo). 

^M 

^M 

1.  E.  leptura  (LeacL),  d'Orb. 

^H 

1817.   Uliyu  Uplur.,,  Leach,  Zool.  Miseell.,  iii.,  p.  141  (err.  (j/p.). 

^H 

1817.      „      Smythii,  Leuoli,  Ibid. 

^^1 

1838.  Enoplctmthu  Uptura,  d'Orl..,  Ciph.  luxt.,  p.  337,  |)1.  vL  i  pi. 

^H 

xi.,  figs.  8-H  ;  pi.  xli.,  figa.  10-24. 

^1 

1849.            „            SmUhii.  Gray,  B.M.C.,  p.  47. 

^H 

Atlantic  and  Pacific  Oceana. 

^1 

2.  E.  margaritifera,  Bupp.,  Giom,  Gab.  Meeaina,  xxvi.,  p.  2,  fig.  1, 

^1 

1844  IJde  V<ir.). 

^H 

^                          IBSl.    Eavplatculku,  margarUi/era,  Vii.,  (.%ih.  ni6dit.,  p.  82,  pi.  XHi., 

'  ^1 

■ 

^H 

^H                     1858                                    ,,             CIbub,  Archivf.  Natiirgc8ch.,xxif., 

^H 

^1                                                                          1,  p.  282,  Tar.  z..  Gg.  Z. 

H 

^^fe                                '  Probibly  this  iiiiecioa  is  ocoanu:,  not  littoriil. 

■ 
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ISSS.  EmjilotaiAit  margarilifera,  HoyU,  Cbdl.   Copb.,  p.   171,  pL 
izii.,  fig.  11. 
Pacific  Ocean ;  Ueditemmeui  Begum. 

3.  E.  palUda,  Pffr.,  Ceph.  Hamb.  Hon.,  p.  18,  fig.  23,  1884. 

Atlantic  Ocean. 

4.  E.  Hoytei,  Ffir.,  op.  eit.,  p.  17,  fig.  23. 

South  Afiican  Region. 

Cneioteiithu,  Stoenstrup,  1882. 
Sm^letetOhii,  Aactt  (part). 

1.  C.  nngniciilattu  (Uolina),  Stp. 

1782.  ^pia  unguieuiala,  Molina,  Saggio  Btor.  N>t  Cfailt,  p.  199. 
181S.  OngdielaiMM  Molina,  Licht,  Sojiieu  mit  KnlleD,  p.  18. 

1861.  ,  HartinR,  Vcrhandel.  k.  Akid.  Wetmi.. 

ii.,  pi.  iii.,  iif^  ie,  17. 
ISai.  EncpUiletahU  Cootii,  Owen,  Tnni.  Zoo).  Soc.  Lond.,  zi.,  6,  p. 
160,  pis.  Mi..iixii.  ;  pi.  iiiiii..  fig.  1  {pan). 
1882.  CttdolnMut  miguieulatut,  Btp.,  Notn  Tinthul.  III.,  p.  IM. 
Pacific  Ocean. 

AncistrocheiniB,  Gray,  1849. 
EnopMevihit,  Auctt.  {pan). 
1.  A.  Lesoenrii  (d'Orb.  et  F^r.),  Gray. 

W.  Enoploleutku  Lauevrii,  d'Orb.  at  F£r.,  Cvpli.  teit,  p  SSB,  pi. 
■ £^8.  i-10. 
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^1 

1810.  Abralia  Uorisii,  Gr«y,  B.M.C.,  p,  W. 

Atluntic  Ocean. 

3.  A.  Veranyi  (Riipp.). 

1844.  EnoplottidkU  V^nyi.  Rilpp.,  Giorn.  G«b.  Uouina,  « 

p.        ^1 

fig,  2(^feVt:r.). 

1851.              „                 „         Vir.,  Ciph.  niBdit.,  p.  83.  pi.  n 

H 

Mediteri-aneaa  Region. 

■1.  A.  Oweni  (Vdr). 

1851.  E,wplob!uihU  0<c^»i,  Vfr.,  Ciph.  midit..  p.  B4,  pi.  » 

H 

1658.            „                 „       ClauB.  Arohiv  f.  Naturgescli.,  xj 

H 

281,  pL  ».,  fig.  1. 

Mediterranean  Region. 

5.  A.  polyonyx  (Troschel). 

1857.  E«opMjnil}ii»  polyonyx,  Troncb.,  Areliiv  f.  Katurgesil 

-S 

1,  p.  87,  1>1.  iv.,  Sg.  9. 

Mediterranean  Region. 

G.  A.  megalops,  Vll.,  Amer.   Journ.   Sci.,  sxiv,,   p.    364 

fl 

"  Blake"  Suppl.,  p.  105,  pi.  iii.,  fig.  4,  1883; 

Sticond            H 

Catal.,  p.  143,  |.l.  xxvul,  fig.  2,  18a4. 

WiiSt  ludian  lii'gion. 

Verania,  Krohn,  1847. 

OclniwluteiUhU,  Krolm  ot  Huppoll,  Graj. 

I.  V.Bicula( Krohn). 

1844.  Octuptdcuthi)  ricuio,  Riiiip.,  Gioni,  GaU  Mesiiiiia,  si 

I            H 

{Jid<\iT.). 

H 

pLv. 

1851.   r^nnui              ,.      Vir.,  Cfiph.  m^dit.,  p.  78,  pi.  wi 

^1 

1884.   OtlopatoUulhis   „       Pirr.,  Ceph.  Hnmb.  Mub.,  p.  28. 

Meditemuioan  Region. 

Onychotenthis,  Lichtcnsf^in,  1818. 

1.  0.  BanBkii  (Uach).  Fer.i 

^^^^^1 

1817.  Laliya  Banskii,  L.>acli.  Zool.  Mia.'oU.,  iii.,  p.  141. 

ISaB.   O^sd^AoHhU  Banksii.  .I'Orb.  at  Pdr.,  ttpb.  cn4t ,  p.  333.  pi.  i.  ;               ^| 

pi  ii.,  figs.  1,  2  i  pU.  iLi..r.,  flg».  1-8 

I  I>1.  b.,            H 

_                                                      fig.  1  ;  pi.  «ii„  figs.  I.e. 

■ 

^1              '  Tliia  Hpeclea  has  bIm  at  rariotu  times  reccivi'd  the  specific  namea 

Laumii,               H 

^M          Sergii,  Bartli-^gU,  Bcllmii,  Fiearii,  a  full  arcotiiit  at  nhicb  U  , 

br          H 

^M         d'Orbigiiy  {lot.  rit) ;   il  i»  not  quitu  certain,  liowcvor.  Umt  U.es 

,  .„  .11           ■ 

^1        cornctly  tufDrted  Ui  iliu  >»iii>:  ty|K. 

1 

Proceedings  of  the  Bot/al  Phfwieel  Sondg. 

1S21.  Omyl-ia  anjidala,  htm.,  Jonni.  Acad.  NbL  ScL  HiilaiL,  iL,  p. 
».  |.L  «..  fix.  3. 
Atlantic,  ludiiui,   and    Pacific    OoGUia;    New   ZeaUod 


.,  p.  96,  1873. 


2.  0.  Aulfonnia,  Gftbb,  Proc.  CWlif.  Acad.  Nat.  Sci,  u.,  p.  171, 

1862. 
Hitb.! 

3.  0.  teqninuuias,  G«bb,  Amer.  Joum.  Conch.,  iv.,  p.  23,  pL  ii., 

1868. 
Pacific  OceuL 

4.  0.  lobipenniB,  Dall,  Amer.  Jot 

Culifoinian  Bogion. 

5.  0.  r^>tor,  Owen,  Tnus.  Ziiol.  Soc,  xi.,  5,  p.  148,  pi.  xxix., 

1881. 
Hab.1 

6.  0.  ingens,  E.  A.  Sai ,  Proc  Zool.  Soc.,  p.  25,  pi.  ill,  fig.  1, 

1881. 
Patngonian  Region. 

7.  0.  brachyptera,  Pffr.,  Ceph.  Hamb.  Mua,  p.  30,  fig.  26, 1884. 

Peruvian  Itegiun. 

(Species  insufficientlj  cbantcterised.) 

8.  0.  rutiloB,  Old.,  Moll  WUkes  Expcd.,  p.  482,  fig.  595,  18Q3. 

Australian  Region. 
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.  A.  Daasnmieri  (d'Oib.),  Gray. 

1839.  OnyeholtulhU  IhumtmUri,  U'Orb.,  C^iili.  acit.,  p.  336,  pi,  liii. 
1649.  JruMrom^ithia        „  Gmy,  B.M.C.,  i>.  56. 

Indian  Ocean. 
.  A.  robuHta  (Dall).  Stp. 

1873.   t  Onycholeuikis  Bergi,  Dall,  Amer.  Nat.,  vii..  |i.  484. 

1876.   Ominaslrepkea  rabusiwi,  Dull  M3.,  VII.,  Amtr.  Jourii.  8ei.,  lii,, 

p.  23a. 
1830.  Oaytfu/teiUhU  ro5iwto.  VII,,  Ceph.  N,   E,   Amer.,   p.  216,  pis. 


ISBO.  JneiitroUiUhia      „ 
IBSl.  Voroteulhu  „ 

188S.  AnaalTuUulhU      „ 
Ciiliforuion  Region. 


Stp,,  Stbeii,  og  Lest.,  p.  19. 
Vll,,  Coph,  N.  E,  Amor.,  p,  393. 
Sip.,  Notoi  Teuthol,  II.,  p.  150. 


Teleoteuthis,'  VerriU,  1882. 
Onycltia,  Lcsueur. 
OnychaleiUhU,  Auctt.  (pars). 

1.  T.  caribbffla  (Lesr.),  Vll. 

1&2I.  Oaykia  earriboKi,  Leer.,  Journ.  Acad.  Nat  Scl  Ftulad.,  ii.,  p. 

98,  pi,  ix.,fig8.  l,2a-«, 
183S.  Loligo  UUietpa,  Owen,  TraoB.  Zool.  Soc.,!J,,p.  108,  pl.xxi.,G^ 

6-11. 
1837.   Cranchia pcrlucida.  Rang,  Moft.  do  Zoo!,,  pi,  xcir, 
1839.  OnyduiUalhit  eatntioptiTa,  d'Orb.,  Cipli.  ai'ut.,  i>.  333,  |>I.  i.  ; 

pi.  V, ,  figs,  i-i  {part !). 
1819.  Onseiia  „  Gray,  B-M.C,  p.  67. 

1861.  LoHj/o  alasandriniHI),  Ver.,  Ciph.  u^dit.,  p.  99,  pi,  zxir,,  Egs. 

f.  B,  h. 
1882.   TelcoUutha  carnbaa,  Vll.,  Coph.  N.  E.  Aniw.  (Fiah  Coram. 

Rep,),  p.  70. 
188*.  OnyAia  binotcOa  (t),  Pffr.,  Ceph.  Harab.  Mhs.,  p.  19,  fig.  24. 
18Se.  TtltoUvtku  caribbata,  nayle,  Chall.  Ceph.,  p.   172,  pi.   xu., 
figs.  1-8. 
Atlantic  and  Pacific  (1)  Oceans. 

2.  T.  platyptera  (d'Orb.),  Vll. 

1SS&,   Oaj/chuteittliit  ytatyplera,  d'Orb.,  Ami^r,  mirid.,  p,   41,  pi.  iii., 

figs.  8.11. 
1839.  „  ..  d'Orb,,  Wph,   adt.,   p.  335,   pi.  x., 

figs,  8-10;  pi.  xiv,,  gga.  14-22, 
Indian  Ocean. 

1  It  in  not  willinut  a  feeling  of  regret  that  oi 
time-hotiuureil  as  that  or  Lesileur,  but  since 
aitiL-e  Verrill  has  proposwl  a  now  oub,  there  b. 
retail!  iug  it. 


1  abandoM  a  generic  namo  so 
le  name  is  preoccupied,  and 
iiua  no  longer  any  excuse  for 


I 
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3.  T.  pemtoptera  {d'Orb.). 

less.  Onj/ekoleuAit pemtoplartt,  d'Otb.,  Ain«r.  in«rid.,  p.  19,  pL  iiL, 
figiL  5-7. 
Indian  Ocean. 

4.  T.  carta  <Pfir.). 

1984.  Onychia  euria,  Vttt.,  Ceph.  Hamb.  Hiu.,  p.  19,  fig.  25. 
Indo-Halftfan  Region. 

5.  T.  Krohnii  (Vir.),  VU. 

1851.  OnyAolaUkia  Krohnii,   Viir.,   ttj.b.   midit.,   p.   80,  pL   iiix., 

figa.  <l,  e. 
1851.   loligo  BianeoniHI),  Vir.,  op.  eil.,  p.  100,  pL  xixv.,  Bg^  iJ. 
1S80.  OniK^ia  fmAniJ,  Stp,  SthcD.  Ofc  LesL,  p.  19  (DOte). 
1882.   TcUotevlhia  „        Vll.,  Ceph.  N.  E.  Amcr.  (Fish.  Comm.  Bap.}, 
p  70. 
Mediterranean  Kcgion. 
G.  T.  agilis,  Vll.,  Third  Catal.,  p.  400,  pi.  xUi.,  fig.  2,  1885. 

New  England  R«giou. 
7.  T.  (1)  Meneghini,  V^r. 

1851.   Loligo  Mtneghini,  Vit.,  Cifh.  m^ilit.,  p.  S8,  pi.  xixiT.,  figs,  c,  e. 
1880.  Oni/tAia  (t)  Meneghini,  Stp.,  Oaimal.  BliEkspr.,  p.  99. 
Mediterranean  Region. 

Subfamily  Qonatid^,  Hoyle,  1886. 
Gon&tas,  Gray,  1849. 


Sepia  Loligo,  Fabricias. 
Onyeholcvlkia,  Lichli 


Miillcr,  MiJdondorir. 


A  Ctdalvjiic  of  Ilr.ctiii  Cephalojiodn. 

18S1.   CktUUfnlkit  raiHU;  VII.,  (91.  oi.,p.  293,  pi.  xlir.,  rig.  1. 

1881.  Lettutadhiii  Fiibrieii,  Vll.,  i^i.  cit.,  pp.  3a7-3l>3,  |>l.  xh-. 

2;  pi.  ilii.,fig.  1;  pi,  Iv.,  fig.  1. 

1882.  Oona/an  „        3t]>.,  NoIeg  Tenthol.  I.,  p.  143. 
1886.        „  „         Hoylo.  Clinll.  Coph.,  p.  174. 

Atlantic  and  Pacific  Oceans;    New   Eugland,   Mcditcr- 
iiuioan,  and  Arctic  RegiotiB. 

(Of  uncertain  pelationsliip.) 

—  camncul&ta  (Schneidei-). 

1783.  Sqiia  caruMutala,  Sulineiiliv,   IJeobni^ht.  u.  EnUlcck.,  Bil.  v., 

p.  42  (jSife  d'Orb.). 
1845.  Icliyo         ,.  d'Orb.,  Moll.  vi».,  p.  3B2. 

Hab.  1 


Fiirnily  XII.  Tao  noteut  h  I,  Stcenatriip,  IPOl. 

Siiltfaniily  Ciiiroteuthids,  Gray,  1849. 

ChirotenthiB,  d'Orbigny,  1839. 

Loliijopiia,  Furusanc  ( jmn). 

1-  C.  Veranyi  (Fi5r.),  d'Orb. 

1S3£.   Loliijaiita  VeraKt/i,  F*r.,  Hag.  du  Zool.,  ann.  y.,  cl.  v.,  p 
1839.   ChirolcuLKii    „        d'Orh.,   Cipli.   ittt..   p.  32.1,  pla.  iL 

figa,  17-23. 
1851.  ioli'sr^uw        ,,        Vdraiiy,  Cfiph.  niSdil.,  p.  120,  pl».  ii 

Mediterranean  Region. 

2.  C,  BonpUndi  (Vdr.),  d'Orb, 

1837.  Lultijuptia  Bomphtndi,  \i-i,,  Mi'ni.  Atca.!.  Sci.  Tori nn  [2 J. 

n.  pi,  L 

1839.   Chiroteulhis  Ponplaadi,  d'Orb.,  Wpli,  au.!t.,  p.  326, 

Atlantic  Ocean. 

3.  C.  lacertosa,  Til. 

1881.  Chirolaiihit  bonplandHI),  Vll,  "  Blnke  "  Rep,,  p.  102,  [ 

fig.  1. 
1881.  ,,  lofertom,  Vll.,  Copli,  N.  E,  Amcr,,  pp,  20S 

pi.  »lrii,,  fig.  1  ;  pi.  Ivi.,  fig.  1. 
Atlantic  Ocean;  New  England  Region. 

HistiopBis,  Hoyle,  1885. 
1.  H.  atlEtntica,  Hoyle. 

1885.   UistiujaiM  atlantiea,  Hoyle,  UwRnosos  11..  p.  201,  1885; 

Copii.,  p.  180,  pi.  »".,  lifi".  e-is. 
Atlantic  Ocoan, 
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CaUitenthia,  Verrill.  1680. 

lioligepnt.  Owed  (fan). 

I.  C.  Iflvenui,  TIL,  Amer.  Journ.  Sd,  xx.,  p.  39S,  1880;  Ceph. 


y.  E.  Amer.,  p.  295,  pL  xUi,  fig.  1,  : 
Gatal.,  p.  243,  1884. 

1880.  CtOItteutAu  nvena,  Hojlc,  Cliall.  OepL,  p.  183,  pL  xxxiii., 

figi.  12-15. 
Atlantic  Ooean ;  Heir  Engknd  and  Japanese  B^;;k>iis, 
2.  C.  OCelUta  (Owen),  Vll. 

1881.  LtligfptiM  aoeUata,  Owen,  Tnu.  ZooL  Soc  Lond.,  d.,  6,  pp. 

13a-I(3,  pi.  Iivi.,  flgg.  S-S;  pi.  zxTli. 
1881.  OalliUHlhu    „         Vll.,  Cepb.  S.  E.  Amer.,  p.  402. 
Japanese  Region. 


BracUotentlils,  Verrill,  1881. 
1.  B.  Beanli,  Til.,  Ceph.  N.  E.  Amer.,  p.  406,  pi.  Ir.,  fig.  3;  pi. 
IH,  fig.  2. 
Atlantic  Ocean;  New  England  Region. 


Doiatopeis,  de  Rochobnmo,  1884. 

ffyaUitmAit,  Vfvltvr. 
LepUiUul/iit,  Verrill. 

1.  D.  TemucnlariB  (Hiipp.),  Rochebr,* 

1814.  Lalij/apiii  vcrmicularw,  Ra]>p-,  Qiom.  Gib.  Hesainn,  xtvL  {Jtdt 
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1884.  ByalotnahawnniculaTh,  PiTr.,  Ci'i*.  Unml).  Mhs.,  [..  2S,  fig.  30. 
1S84.  LtptuUutkii  vtrmicolaria,  Vll.,  Seronil  CaUL,  p.  143. 
1.1885,  Jtera/jjpsw  I'trmiciiforu,  Boylo,  Loligojaw,  p.  32D. 
Mediterranean  Region. 
D.  djaphana  (Vll.). 

1884.  LqiUiltuthisiluiphawi,  Vll.,  Semiid  CftUI.,  p.   141,   pi.   iiiii.. 

Atlantic  Ocean. 


HiBtiotenthia,  d'Orbigny,  1830. 
CraiuJiia,  Firusaac  (pirs). 

1.  H.  Boneffiana  (F^r.).  d'Orb. 

1835.  Cranehia  Bmmlliaaa,  Fir.,  Mag.  do  Zool.,  ann.  v.,  cl.  t.,  pi.  UyL 
1839.  HinlioUmkia     ,,         d'Orb.,  Cipb.  noil.,  p.  827,  pi,  ii. 
Mediterranean  Region. 

2.  H.  Bnppelli,  V^r,,  C^ph.  m^t,  p.  117,  pla.  xx.,  ixi. 

iMedit«ii'anean  Region. 

3.  H.  CoUinaii,  Vll.,  Amer.  Jom-n.  ScL,  xvii.,  p.  241,  1879 ;  Ceph. 

N.  E.  Amer.,  pp.  231,  300,  404,  pi.  xxiii. ;  pi.  xxva, 
figs.  3-5;  pi.  Kxxvii.,  fig.  5  ;  pi.  Iv.,  fig.  6, 
New  England  Begion. 


Family  XltX.  Cbanchi  £F0  rm  BB,  Steenstnip,  18C1. 

Subfamily  Cranchiada,  Gray,  1810. 

Cranchia,  Leach,  1817. 

1.  C.  acabra,  Leacb,  Zoo!.  Miacell.,  lii.,  p.  140,  1817. 

1836.  Craiwhia  Ksbra,  Owen,  Traim.  Zool.  Soc,  ii.,p.  lOti  (will]  fij.'s.), 
1838.  PhiUriuxa EgJait,  d'Orb.,  Ciph.  8C*t.,  v.  lOS,  pi.  xvii.,  figs,  4,  6. 
1861.  Cranchia  itahra,  Stp.,  Orerlilik,  p.  72. 
Atliintic  Ocean ;  West  Indian  Region. 

2.  C.  hispida,  Pffr,  Ceph.  Hamb.  Mus.,  p.  27,  fig.  37,  1864. 

Hab.1 

tlmt  tho  ahortneas  nf  the  mnntlo  was  duo  tu  ils  bnviiig  licen  folded,  a  fact 
which  hod  not  b«0D  uhoorred  niving  (o  the  traiispurancy  of  tbe  aisimal,  and 
tliat  tbo  difference  in  tbe  flu  in  owing  to  mntilatioo.  The  glndiua,  ao  tax  hb 
be  naa  able  to  examine  it,  preunU  soiuo  rcBemblanco  to  the  curioiu  peii 
clsewliere  described  <ChslI.  Ceph.,  p.  178). 

Dr  rrcffvr's  geoeric  name  being  invnlid,  it  would  bo  necessary  to  ehB,iigo 
the  rnniily  name,  irliicli  bo  has  propmcil  (llyalotoutbidte),  to  corrogpoud  with 
tlio  one  which  liu  tho  preferoncc,  hut  1  thiuk  that  for  the  present  this  form 
i,.i,y  hv  [.hired  nmong  the  Chiroteulhid.... 


2f>C  pToeeedings  ofOu  Boyal  Pkyaietd  Society. 

:{.  C.  tennitentacolata,  rfiV.,  op.  rit.,  p.  26,  fig.  3R. 

Wottt  IndiAii  Rrgion. 
4.  C.  megalopB,  Froscli,  K.  d.  YicL  Selak.  Skr.  [5],  I,  p.  64,  1847. 
1881.  Cfaiiehia  mrgnlojn,  Stp.,  OvorliUk,  p.  77. 
Atlantic  Oc«an. 
n.  C.  (?)  macnlata,  Leach,  Zool.  Miaccll.,  iil,  p.  140, 1817.< 
IRSS,  Cmnehin  [•)  maeulala,  Hoyle,  Chull.  Coph.,  p.  IM. 
Atlantic  Ocean. 

SiibgcDiis,  LiocrauchU,  Pfoffer,  1884. 
G.  C.  Brocku  (Pffr.). 

1S8(.  LiorratKhia  Bivdii,  Vltr.,  Ccph.  ILiiub.  Mot,  p.  25,  Sg.  S3. 
In  do-Malayan  Itcgion. 
7.  C.  ReinhRTdtii,  Stp. 

less.  Leackia  IteinhardtU,  Stp.,  nectocotft. ,  [i.  200. 
1861,  Cranchin         „  Stji.,  OverWik,  y.  78. 

iaS4.  Liocrnntliia     „  IfTr.,  Cvpb.  Hninli.  Una.,  p.  S6. 

1888.  Cranehia         „  lioylo,  Chnll.  Cflilh.,  p.  18i,  pi.  ixii.,  iigi^ 

11-14;  pi.  Hiii.,  Bgs.  1-4. 

Atlantic  Ocean. 

Tftonins,  Stecnotnip,  1861. 
Luli;ri^ai\  J'Orliiciiy,  Tryon,  do  Rocliobmnv,  olc. 
D/iHwUiilhu,  Vcrrill. 
pTocaliilu,  LaiikvKtcr. 
PhaamntO]aia,  Je  Boclidininc. 
M^fnttxranehia  {Vj,  PfclTer. 
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3.  T.  cjFmoctypns  (Eochebr.),  Hoyle. 

1839.  lotigop!n»iiavo,d'Olb..Ciph.  »cet.,  p.  321,  pi. 

pi.  ziiii.,  &fp.  10,  II  Ipfira), 
1884.  Phnsmalnpais  tnjiaoc/ypttg,  Rochebr.,  Monogr,  LoligopaidK,  p.  17, 

pl.j. 
1836.   Toiaiua  „  Hoyle,  Uligopais,  p.  323. 

Madeira, 

4.  T.  Soluni  (Lankeater),  Hoyle. 

18S4,   Froealiftes  Sukmii,  Lankeater,  Qunrt.  Journ.   Win.   .Sci.,  vol. 

xxlv.,  p.  3U. 
1886,.  Taanius  aulmi,  Hoyle,  Chall,  Cepli.,p.  1B2,  pi.  nxii.,  fign.  6-11, 
Atlantic,  Southern,  ami  Pacific  Oceans. 

5.  T.  elongatus,  Stp.,  MS. 

1S86.   rooiiiMntoniKidi*,  Hoyle,  Chall,  Ceph,  p.  189,  pi,  itviii,,fig,  13, 
Hab.*t 
G.  T.  Schneehageni  {Pffr.).i 

1884.  Loliijopsis  Sckntthagaiil,   PITr.,  Cepli,   Hamb.  Mus,,  p 
31.  1884, 


fig. 


Pern 


I,  riTr.,  op.  I 


7,  T,  (V)  maximns  (Pffr.).^ 
1S84.  Mrgaloeranchia  III 
South  African  Region. 

Pyi^opsis,  de  Rochebriine,  1S84. 
1.  P.  rhynchophonis,  Roehebr.,  Monogr.  Loligopsida',  p.  23,  pi.  ii., 
figs.  1-6,  1884. 
South  African  Region. 

Leachia,  Leaueur,  1821  ;  Steenatnip,  1861, 
AnitiHiut  {'.),  RaGneaque, 
Loligoima  {pan),  d'Orbigny,  Auctl. 
DiielydiojaU,  de  Rochebrunp, 
Ftrolkii,  Kathke. 
1.  L.  cyclara,  Lesr.,  Joum.  Acad,  Nat,  Sci.  Philad,,  ii.,  p,  90,  pi, 
vl,  1821, 
1833.  Loligopgis  gutiala,  Grant,  Trans,  Zool.  Soc,  i.,  p.  24,  pi.  ii. 
I8S3,  PtTotkU  peUiicida,  Ratlike,  Kim.  Sarans  Strang.  St.  Petenb., 

ii.,  p,  W). 
1833.        ,,       EacMliii,  Bathke,  Ibid. 
1801.  Leachia  esdnni,  Stp.,  Overblik,  p.  82. 
'  Dr  PfefTer  Iim  beon  good  onough  to  furnish  me  witL  b  number  of  additional 
particitlan  regarding  this  form,  which  loare  no  doubt  tlint  it  should  bu  retorrcd 
to  the  genua  Taoaiiis. 

'a  referring  this  form  to  the  geuus  Taonius,  the  «peeiBc 


deaignation  ia  aingolarly  onfortanat 
priate  ;  but  in  the  present  s' 
hnrdeu  the  animal  tvith  anotli 
the  young  of  one  of  the  othet  forms, 
_  YOL.  DC. 
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1884.  FtntAu  DHtntmUrt,  Boch«br„  Uanogr.  Loligopridc,  p.  SS. 
1SS6.  Ztaekia  egelura,  Hof  la,  Lolfgopiu,  p.  898. 

Atlantic,  Indian,  and  Fadfto  Oomiul 

2.  L.  elllpsoptflra  <Ad.  and  Rt.),  Btp. 

1S4S.  LolyjoptU  tU^tcplera,  M.  *Dd  Bt.,  Voy.  "Suuntug,"  HtdL, 

^2. 
1861.  LtaAUt  ,,         Stp.,  Orerblik,  p.  60. 

1681.  Dgctgdiofu      „  Bocliebr.,  Honogr.  LoligopddK,  p.  18. 

1885.  Ltackia  ,,  Hojle,  Loligop«i«,  p.  188. 
Atlantic  Ocean. 

3.  L.  dnbU  (Ratbke),  Hoyle. 

1S33.  Perolhii  diibia,  Ratbke,  Mi^m.  Samu  l^ttBUg.  8t  Petenib.,  iL, 
p.  170. 

1885.  Ltaehia      „       Hoylo,  Loli|ip)piU,  p.  329. 
Indian  Ocean. 

LoligOpsl8,>  I^marck,  1812. 
Loligoptit,  Anctt.  (pari). 

1.  L.  Feronii,  Lmk.,  Extrait  de  son  Coura  de  Zool.,  p.  123,  1812 

{fide  d'Orb.). 
1881.  LoligoptU  Ptronii,  Sip.,  Overblik,  p.  86. 

1886.  „  ,,       Hojrlc,  Loligopsig,  p.  314. 
Pacifio  Ocean  (T). 

2.  h.  zygtena,  Tir.,  C«ph.  m^it,  p.  125,  pi.  xL,  fig.  e,  1851.> 

1SS4.  Zygxtu^it  tygana,  Rochebr.,  MoDogr,  Loli^pudK,  p.  SO. 

1S85. — ())   „     Hoyle,  Loligopaia,  p.  381. 

Mediterranean  Begion. 
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lS8fl.  NiiiUiliis  pompilita,  Hoyl«,  Chall.  Coph.,  p.  1B9. 
Auatralian  and  Pacific  Insular  Regions. 
.  N.  scrobicnlatus,  Sol.,  Portl.  CaW.,  No.  3653. 

1308.  Naiitiha  lerobiriilaiiu,  Eiiatc^r,  Conch.  Cab.,  wc. 


65,  p.  B 
1,1.   xc 


Pacific  Inaular  Begion. 
3.  N.  macrofflphedas,  Soweiby,  Thea.  Conch., 
figs.  4,5,  1848. 
186H.  Namibia  maeromphalHa,   Kiisler,  Condi.  Cnb.,  sec.  55 
pi,  3a. 
Pacific  Inaulai'  Region. 
I.  N.  nmbiticatns,  Liater,  Conch.,  pi.  .552,  fig.  4. 

1868.  AnutUi's  ambUicfiln.',  Kilater,  Couch,  Cab,,  ace,  55,  |i, 
3c.,  fig.  2, 
Pacific  Inaulnr  Region. 
0.  H,  stenompholUB,  Sowerby,  Then.  Coneh.,  p.    469,  pi. 
fig.  3,  1848. 
1E68.  A'autilui  stciitnnphalue,  Kiutlcr,  Concli.   Cub.,  sec.   65, 
pi.  3b, 
Aiistiiilian  Region. 


GXFLANATtON   OP  THE   UORG   ABBREVIATED   REFERENCE. 
App.,   Japanika   Ccph..— ArrELLoF,   Japsnaka   Ceplialopoilcr,    A'.    Svcnak. 
rc!ci.)l:  Ai;ad.  Hanill.,  ixi.,  13,  pp.  1-40,  pis.  L-iii.,  1888, 

D,  Ch  ,  Hem.  itor.  anlm.,— selle  Chiaje,  Metnorie  snlla  eloria  e  notomin 

dt'gli  auimali  seuza  vDrtebro  del  regno  dj  Napoli,  Iv,    Napoti,  1826. 

E.  et  8.,  Voy.  "  Bonlte,"— EVDorx  KT  Socibyet,  Voyage  irntour  dit  Hondo 

execute  pendant  lea  nmi^  18S0  ct  1S37,  sur  la  corvette  la  Boiiite, 
coQiuiitudte  par  U.  Vaillant. — Zoologie,  ii.     Paria,  1852. 

Qld,,  MolL  WllkM  Exped.,— Gould,  United  States  Exploring  Expedition 
diiriTig  Iho  yean  1838,  183S,  1840,  1S41,  1842,  undoT  the  Com- 
mand of  Chnrlea  Wilkes,  U,8.N,~xii,,  Molluaca  aiid  Shdla. 
Boston,  1852. 

Qraj,  B.  H.  C.,— Catulogue  of  the  Molliuca  in  the  Collection  of  the  British 
Muaeiini,— I,,  Cephalopoda  Antopedia.     Loudon,  1849. 

Hoyle,  DiagnoMB  L,  n.,— Diagnoaes  oF  new  Species  of  Cojjhatopoda  collected 
during  the  Cruise  of  H.SI.a  "Challeoger."— I.  The  Octopoda, 
Aiin.  a«d  Mfuf.  Nnt.  BUI.  [5],  xv..  pp.  222-238;  11.  The  Deca- 
IxhIb,  op.  eil.,  ivi..  pp.  181-203,  1885. 
„  Freljju,  Bap.  I.,  n.,~rrcliniiniiry  Report  on  the  Cephalopoda  collected 
duriug  the  Cniisc  of  H.M.S.  "  Challenger- "—I.  The  Ofto|)oiia, 
Proe.  Soy.  Soc.  Edin.,  xlii.,  pp.  94-114;  II.  The  Decapoda,  op. 
at,  pp.  281-310,  1880. 
LollEopdi,— Ou  LoligopaiB  and  some  other  gcnefa,  /Vnr.  Bog.  Pkyi. 
Soc.  Edin..  riii.,  pp.  S1S-8S3,  1885. 
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HojU,  Chcll.  Oiph.,— Beport  on  tbe CeplulopodB collected  l)j H.U.8.  "OmI- 

lenger  "  during  tha  yeui  \67t-li,  S4S  pp.,  13  plj.— XooL  ChkU. 

Ezp.,  part  xliv.,  18S8. 
IcMl,  KalMoL  Hkr  Bouo, — Utianlogia  del  Mu  Bono,  ricarcha  (oolopcba 

a  paleontologiche.     Pisa,  1669. 
Lm,  JablMlii.  Conm.  Kiel, — Jahmbericht  der  Commliaion  mr  winatuchaft- 

lichen  Untenucltung  del  deatKhan  Heere  in  Eial,  JalugHag  L, 

ata,  1871,  etc. 
D*0i1>.i  Ami*.  in&rU., — d'Obbiont,   Vojaga   dui  I'AmMqne  tniridioDala 

cstcnU  pendant  lea  anniea,  1329-33.— v.,  3,  Uollnaqnei.     Paiia 

et  StTMbouig,  183S-43. 
„       Koll.  vlT.,— MotlDsquea  TivanU  et  fostilea.    Paria,  ISiG  aod  18U. 
„        HolL  Cnba, — HUtoiro  pbjaique,  politique  et  natorelle  de  I'lle  de 

Cuba,  par  H.  Bamon  de  la  Sagr*. — Uolliuqnea  par  Aldda  d'Or- 

bIgD]r.    Paria,  1SG3. 
1,       CfplL  Mrft., — Histoire  natnrelle  g^nerale  et  particnliire  dea  cAplialo- 

podea  acttabuUrarea,  Tivanta  et  foaailea.     Paria,  188G-18, 
(Some  of  the  platea  of  this  work  appear  to  have  been  Uaned  prior  to 

this  date,  for  d'Orbigny  quotes  species  as  having  been  pnbliahed 

in  them  aa  eari;  aa  1825. ) 
Pfllr.,   C«ph.   HUDb.   Mb*..— Pfeffer,  Die  Cepljalopoden  dea   Uamhnrgar 

KaturhistorischcD   Museums. —1.,   Neue    Cecapoden,   AiluindL 

A'alartc.  Ver.  Hamtntrg,  viii.,  1,  pp.  1.30,  pla.  i.-lii.,  188*. 
Q.  at  Q.,  T07.  "AitroUba," — Qcov  et  Giimard,  Zoologie  da  To]r«ge  da 

1' Astrolabe,  sons  lea  ordres  du  Capitaine  Damont  d'Urrille,  pendant 

lea  annjes  1826-29,  a.     Pads,  1832. 
Bkf.,  Oood  Book, — Rafikesqub,  On  tha  3  genera  of  Cepbalopodes — Ocjthoe, 

Todarus, and  Anisoctos.     ThcQood.  Bool: and jiMenitiei  1^ Nabtrt, 

or  Annalt  o/BUtorical  and  A^atural  Scienca.    Philadelphia,  lUO. 
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Btp.,  Overbllk,— Orerbiik  over  de  i  Kjobenhnvm  linwar  opberirede  Bl»k. 
apmtter  fra  Jet  asbne  Hit,  Ovtrtigl  K.  D.  Vid.  SMc.  Forkandt., 
pp.  6D-S8,  1861. 
,,     BenuBep., — Hemisepiua,  en  nj  Slmgt  i(  Sspia'BliekBpnittenits  Fsmilie, 
ined  Bemffirkninger  om  Sepis-Formerne  i  Almindeligliod,  K.  rf. 
Fid.  Selak.  S/cr.  [B],  vii.,  pp,  4S5-iB2,  pla.  i.,  ii.,  1875. 
..     OmnuLt.  Blalcipr., — De  Ommatastreplmf^tigc  Blieksprnttere  indbyrdcs 
Korhold,  Otxnsigt  K.  D.  VUl.  Sdak.  Forhandl,  pp.  73-110,  pi.  iii., 
1880. 
,,     Sthsn.  og  Lest,— Professor  A.  E.  VorriU  to  nye  Cephnlopodflliegter ; 
Sthenoteuthia  og  LEstoteutbia.     Ottraigt  K.   D.   Vid.  Seltk.  For- 
handl., pp.  1-27,  1880. 
„     8ep{«lla,~SepieUa  Graj,  Stp.,  Fid.  Mtddtl.  not.   Faren.  Kjeheithavn, 

pp.  319-356,  figs.  1-8,  1880. 
,1     Sep,  ogldloaep., — Sopiadariumogldosepius,  to  njeSltegter&rSepiernes 
Pamilic,  med  BemicikniQgor  am  de  to  beslregtede  Pormer  Sepio- 
ioiilea  D'Orb.  og  Spirala  Lmk.,  K.  d.  Fid.  Selak.  Skr.  [S],  i., 
pp.  213-212,  pi.  i.,  1881. 
,,     Hot»  Tonthol.,— Notre  Teuthologicie,  Ocersigt  K.  D.  Fid.  StUk.  For- 
htindU,  pp.  113-198,  1B82;  pp.  109-127,  1885. 
Targ.,  Cef.  Kns.  Pirenie,— TAROioNi-TozzETTi.  CominBoUrioauiCopalopodi 
mediterrainji  del  K.  Maseo  di  Firuuie,  Bull.  malaeoL  Hal.,  ii., 
pp.  141.102,  209-252,  1869. 
(The  paging  itt  the  referencea  is  taken  from  the  Mparate  copy.) 
t         Vir,  C^pfa,  mJdit. ,— V^RAHT,  MollasqueB  miditoTrati^ons,  obsErvis,  dfcrita, 
figures  et  chTomolithogniphifs  d'apres  le  vjvaut,  i.,  C£pliBlo]>odes 
dc  la  Miidilerrania.     GCnes.  18S1. 
Vll.,  "Blake"  Bep., — Veilbill,  Rc porta  on  the  Results  of  Dredging,  under 
tlifl  Superrision  of  Alexander  Agassiz,  on  the  East  Coast  of  tbo 
Uuit«d  States  during  the  Sainmer  of  1880,  by  the  U.  S,  Coaat 
Surrey  Steamer  "Blake,"  Comniaudor  J,   U.   Bartlett,  U.S.N., 
Commanding.      S. — Report   on.  the  Ccpbalopoils,  aud  on  some 
additional  Speeiea  dredged  by  tbe  U.  S.  Fish  CommiaaioD  Steamer 
"Fish  Hawk"duringtheaoaBonor]880,  Bull.  M%ui.  Comp.  ZuHl, 
viii.,  pp.  BB-116,  pla.  i.-viii.,  1881. 
„     "Blake"   BuppL,— Reports  on   the   Resiilu   of  Dredging,   under  the 
Supervision  of  Alfrxander  AgassJE,  in  the  Gulf  of  Mexico  and  in 
the  Coribbean  Soa  (1678-79),  by  tbe  U.  S.  Coast  Surrey  Steamer 
"Blako,"  Lieut. ■Commander  C.   D.  Bigabee,  U.S.N.,  and  Com- 
mander J.  R.  Bartlett.  U.S.N.,  Commanding.      XXIV.— Supple- 
mentary Eeport  on  the  "Blake"  Coplmlopods,  op.  til.,  li.,  pp, 
105-llS,  pla.  i-iii.,  ISSS,    Descriptions  of  Two  Species  of  Octopus 
from  Califorain,  pp.  117-121,  pis.  iv.-vi. 
Ceph.  H.  E.  Amer., — The  Cephalopods  of  the  North-Eastem  Coast  of 
America.     Part  I.— The  Gigantic  Squids  (-ireAifaiiHis)  and  tboir 
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XIX.  Ohtervaliont  on  Cydopea  tn  the  HunuM  Btibfeet  and  in 
the  lower  Animals.  By  J.  STHmoTON,  Esq.,  M.D., 
F.B.3.E.,  and  G.  Sims  Woodhead,  Esq.,  M.D.,  F.RS.K 

(Raul  21tt  April  1886.) 

Cyclopea,  although  comparatively  rare  in  the  hnmaa  sub- 
ject, is  by  no  means  of  uncommon  occurrence  amongst 
mammals,  but  aeems  to  be  rare  in  birds.  The  degree  of 
malformation  varies  very  considerably,  even  in  Uie  same 
species,  but  it  preserves  a  comparative  anifomiity  in  all 
mammals,  as  can  readily  be  explained  by  the  similarity 
in  the  general  mode  of  development  of  the  face,  brain,  and 
cranium*. 

The  most  recent  and  elaborate  contribution  to  the  subject 
of  Cyclopean  monsters  is  by  Professor  Hannover  of  Copen- 
hagen,* who  holda  that  we  must  look  for  the  cause  of  this 
condition  in  an  incomplete  development  of  the  anterior  part 
of  the  primordial  cartilage  of  the  base  of  the  skull,  and  we 
must  not  consider  it  as  merely  an  arrest  of  development 
He  further  points  out  that  in  man  cyclopea  is  frequently 
associated  witli  hydrocephalus,  more  rarely  with  anence- 
phalus,  and  often  with  deformities  of  various  kinds,  such  aa 
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the  skull  of  a  Cyclopean  lamb,  which  he  allowed  u8  to 
examiae,  was  only  one  of  a  large  number  of  similar  monsters 
begotten  by  the  same  ram. 

In  the  human  subject  cyclopea  appears  to  be  commoner 
amongat  females  than  in  males,  55  of  those  mentioned  by 
Hannover  being  females  and  16  males;  in  the  other  cases 
the  sex  was  not  recorded.  As  a  rule  these  monsters  are 
bom  between  the  sixth  and  eighth  month  of  gestation.  They 
seldom  breathe  after  birth,  although  in  a  few  cases  life 
appears  to  have  been  prolonged  for  a  few  hours. 

We  have  based  our  observations  on  the  following  speci- 
mens to  which  we  have  had  access ;  the  more  important  of 
these  we  will  briefly  describe. 

(a.)  Raman  Cyclops. — This  occurred  in  the  practice  of  Dr 
William  Craig,  of  Edinburgh,  to  whom  we  are  indebted  for 
the  opportunity  of  making  a  complete  dissection. 

The  specimen  was  a  well-nourished  male  fcetus.  It  was 
19  inches  in  length,  had  an  ossific  centre  in  the  lower  ex- 
tremity of  each  femur,  and,  in  fact,  presented  the  usual  in- 
dications of  having  been  born  at  the  full  time.  In  addition 
to  the  cyclopean  malformation  this  fostus  presented  several 
minor  abnormalities.  There  were  six  toes  on  each  foot,  but 
the  snpernumeraiy  one  on  the  right  side  was  very  small. 
The  external  genitals  exhibited  a  slight  tendency  to  resemble 
in  appearance  those  of  the  female,  for  the  fold  of  integument 
forming  the  scrotum  passed  upwards  and  inwards,  so  as  to 
meet  in  front  of  the  pubes  in  a  somewhat  similar  manner  to 
that  in  which  the  labia  majora  unite  to  form  the  mons  veneris. 
The  penis  was  small,  an^  almost  concealed  by  the  above- 
mentioned  fold.  The  left  testicle  iiad  descended  into  the 
scrotum,  but  the  right  one  was  still  in  the  abdomen. 

The  upper  part  of  the  head  was  smaller  than  normal,  and 
presentetl  a  constriction  just  above  the  level  of  the  pinna  of 
the  ears.  In  the  middle  line  below  the  forehead  was  situated 
a.  freely  movable  snout  or  proboscis.  This  was  about  an 
inch  in  length,  and  was  traversed  in  its  whole  extent  by  a 
single  canal,  which  terminated  in  front  by  an  opening  at  its 
free  extremity.     Below  the  snout  there  was  a  small  lozenge- 
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shaped  space,  the  lateral  angles  of  which  were  contunioiis 
with  fissures  running  outwards  between  the  eyelids.  The 
floor  of  this  space  was  of  a  reddish  colour,  and  appealed  to 
be  formed  by  mucoos  membrane,  but  there  were  no  indica- 
tions of  an  eye. 

Plat«  xlvil,  fig.  3,  of  Ahlfeld's  Mitdnldungen  des  Mttueken, 
showa  a  specimen  in  which  the  external  appearances  wen 
very  similar  to  those  in  this  case.  Unfortunately  the  biain 
was  very  Bott,  so  that  its  exact  condition  could  not  be 
accurately  determined ;  but  there  waa  evidently  only  one 
cerebral  hemisphere,  and  no  indications  of  a  longitudinal 
fissure.  We  could  find  no  traces  of  tlie  olfactory  nerve,  and 
there  were  only  a  single  optic  nerve  and  foramen,  but  all  the 
other  cranial  nerves  were  present.  In  the  dissection  of  this 
specimen  special  attention  was  directed  to  the  condition  of 
the  bones  of  the  skull  and  the  formation  of  the  orbital  and 
nasal  cavities.  A  few  of  the  bones  were  apparently  absent, 
some  considerably  altered  in  shape,  and  even  those  of  aormol 
configuration  were  smaller  than  usual. 

The  occipital  bone  consisted  of  four  pieces — a  basi-occipital, 
two  ex-occipitals,  and  a  supra-occipital  j  the  latter  was  in- 
clined more  nearly  vertical  than  usual  The  sqoamoso- 
zygomatic  and  pettomaatoid  parts  of  the  temporal  bone  were 
mult. 
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A  tliin  bar  of  cartilage  extended  forwards,  in  the  middle 
line,  from  the  post-spheaoid  above  the  optic  foramen  to  the 
root  of  the  snout.  At  the  upper  part  of  the  base  of  the 
snout  two  rudimentary  nasal  bones  were  found.  They 
articulated  with  the  frontal. 

As  already  mentioned,  the  snout  contained  a  single  canal. 
On  dividing  the  suout  close  to  its  base  the  canal  was  seen  to 
communicate  with  two  rudimentary  naaal  cavities.  These 
cavities  were  surrounded,  except  in  front  and  above,  by  a 
bony  capsule.  Their  roof  was  formed  by  the  thin  bar  of 
cartilt^e  ah-eady  mentioned,  and  the  dura  mater  which  was 
perforated  by  several  small  holes.  The  bone,  with  the  dura 
mater  and  cartilage,  formed  a  rounded  capsule,  which  was 
little  more  than  half  an  inch  in  diameter.  On  vertical 
transverse  section  it  was  seen  to  contain  a  mesial  septum 
and  two  lateral  cavities.  The  septum  was  well  defined,  and 
reached  to  the  floor  of  the  cavity,  but  was  not  united  with  it. 
The  outer  wall  of  each  cavity  contained  some  irregular  spaces, 
which  might  be  regarded  as  rudimentary  ethmoidal  sinuses, 
The  septum,  as  well  as  the  outer  walls  of  the  nasal  cavities, 
was  well  ossified.  The  two  superior  maxillary  bones  were 
firmly  united  with  one  another,  and  lioth  of  them  were 
devoid  of  nasal  processes.  There  were  no  indications  of  pre- 
moxillary  bones,  and  their  absence  was  confirmed  by  an 
examination  of  the  teeth  as  there  were  no  incisors,  each 
superior  maxilla  containing  only  three  milk  teeth — a  canine 
and  two  molars.  Behind  the  superior  maxillary  bones  were 
found  the  palates,  which  were  united  with  one  another  and 
with  the  maxillarj"  bones.  They  were  considerably  altered 
in  shape,  and  besides  forming  part  of  the  hard  palate,  they 
extended  upwards  behind  the  bodies  of  the  superior  maxillEe 
to  form  the  posterior  part  of  the  floor  of  the  orbital  cavity. 
The  malars  were  normal,  but  no  traces  of  the  vomer  or 
lachrymals  could  be  found.  The  two  halves  of  the  lower 
jaw  were  separable,  and  contained  the  normal  number  of 
teeth.  The  single  orbital  cavity  was  bounded  above  by  the 
frontal,  below  by  the  superior  maxilla*  and  palates,  a'nd  on 
each  side  by  the  malar  and  great  wing  of  the  sphenoid, 
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The  optic  nerve  divided  soon  afW  entering  the  orbit 
into  two  branches,  vhicb  were  connected  with  two  mdi- 
mentaiy  eyeballs.  The  sclerotic  and  choroid  of  each-  eye 
were  distinct,  bat  the  cornea,  pnpil,  and  leus  coold  not  be 
detected. 

The  part  of  the  pharynx  lying  above  the  level  of  the  soft 
pakte  reached  as  usual  to  the  lower  surface  of  the  baai- 
sphenoid,  but  anteriorly  it  was  bounded  by  the  lutited 
palates,  and  there  were  no  posterior  nares. 

(i.)  Cyclopean  Fcetus  of  Pig. — For  this  foetus  we  are  in- 
debted to  Dr  Munro,  jun.,  of  Batho.  It  w&a  one  of  a  I&i;ge 
litter,  and  was  dead  when  found.  The  others  were  normal 
and  healthy.  Its  external  appearance  was  more  diatinotly 
cyclopeati  than  that  of  the  human  subject  already  described, 
for  Iielow  the  proboscis  there  was  a  large  and  prominent 
eyebalL  The  proboscis  had  a  firm  bony  base  projecting 
nearly  an  inch  beyond  the  frontal  bone,  and  it  terminated  in 
a  movable  fleshy  portion,  half  an  inch  in  lengtK  The  tevnk 
bent  downwards  over  the  middle  of  the  fhint  of  the  eyeball, 
and  at  its  free  extremity  there  was  an  orifice  leading  into  a 
canal  in  its  interior.  The  eyeball  extended  considerably  in 
front  of  the  cycUds,  which  were  smaU.  Tlie  only  indications 
of  an  incomplete  fusion  of  the  two  eyeballs  were  two  alight 
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of  the  snout,  and  gradually  increased  in  size  as  it  passed 
backwards. 

In  this  was  a  peciiliar  septum,  which  also  increased  in 
both  size  and  complexity  as  it  passed  backwards.  It  was 
composed  almost  entirely  of  mucous  membrane,  and  was 
somewhat  T  shaped  ;  the  vertical  limb  was  continuous  with 
the  floor  of  the  cavity,  and  the  two  lateral  limba  were  so 
folded  downwards  that  they  appeared  almost  like  the  mem- 
brane covering  the  turbinated  bones.  The  canal,  after 
increasing  in  size,  passed  to  the  base  of  the  "  trunk,"  where 
it  terminated  in  a  blind  bony  extremity. 

On  making  a  transverse  section  through  the  eyeball  about 
midway  between  its  anterior  and  posterior  extremities,  the 
sclerotic  and  choroid  coats  could  be  made  out  with  perfect 
distinctness,  but  there  was  not  the  slightest  trace  of  a  retina 
or  nervous  elements. 

The  cavity  was  filled  with  a  reddish  brown  coagulum, 
which  appeared  to  be  blood.  On  examining  the  posterior 
aspect  of  the  anterior  section  of  the  eye,  no  trace  of  the 
partial  division  observed  from  without  could  be  seen.  The 
globe  was  perfectly  simple,  and  had  no  septum  of  any  kind, 
Kothing  could  be  found  to  represent  a  lens.  A  single  pig- 
mented band  surrounding  the  pupil  very  irregularly  was  all 
that  was  to  be  seen  of  an  iiis.  When  first  seen  the  cornea 
was  quite  transparent.  In  the  posterior  haK,  as  mentioned 
above,  there  is  no  retina. 

The  alterations  in  the  bones  of  the  skull  were  very  similar 
to  those  of  the  human  fcetus  already  described.  The  two 
lateral  portions  of  the  pre-apbenoid  liad  united  in  the  middle 
line,  leaving  a  small  foramen,  which  apparently  represented 
the  optic  foramen.  It  was  occupied  simply  by  fibrous  tissue, 
in  which  there  were  no  nervous  strands,  the  optic  nerve 
being  quite  absent  Immediately  around  the  anterior  or 
orbital  aspect  of  this  foramen  the  bone  afforded  attachment 
to  a  number  of  muscular  fibres — the  muscles  of  the  eyeball. 
The  two  sphenoidal  fissures  were  of  large  size.  The  body  of 
the  post-sphenoid  was  firndy  03sifie<l  to  the  great  wings,  and 
the  whole  of  these  parts  were  smaller  than  normal.  The 
two  temporal  bones  were  somewhat  iiTegular  in  sliape,  and 
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owing  to  the  smallnesB  of  the  basi-occipital  and  baai-sphenoid, 
tlicy  were  nearer  together  than  normal. 

On  removing  the  mncous  membrane  from  the  hard  paJate 
the  two  superior  maxiUary  bones  were  found  to  be  firmly 
united  in  the  mesial  plane,  there  being  no  indicatious  of 
intermaxillary  bones.  The  teeth,  which  have  entpted,  were 
three  in  number,  one  central  and  two  lateral.  The  ceotnl 
tooth  was  not  embedded  in  tlie  superior  maxillary  bone,  but 
in  the  mucous  membrane  in  front  of  this  bone.  The  two 
lateral  teeth  had  the  appearance  of  canines.  The  horizootal 
plates  of  the  palate  bones  met  in  the  middle  line,  and  the 
soft  pa1at«  was  perfectly  normal ;  on  i-eBectiug  the  Utter  to 
expose  the  .upper  part  of  the  pharynx,  this  cavity  was  found 
to  be  normal  in  many  respects,  the  Eustachian  oriQces  and 
the  fosste  behind  tiiem  having  their  normal  position  and 
relations.  It  was  found,  however,  that  there  were  no  indica* 
tions  of  openings  in  the  anterior  wall.  On  reflecting  tbe 
mucous  membrane  from  tliis  aiittvior  wall,  the  pharynx 
was  seen  to  be  bounded  in  front  by  bone,  derived  from 
tlie  vertical  plates  of  the  palate  bono  and  from  the  internal 
pterj'goid  plates.  The  single  orbital  cavity  was  single, 
and  was  limited  above  by  the  frontal  bone,  below  by  the 
superior  maxillary  and  malar  bones,  and  externally  by  the 
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passing  across  tlie  horizontal  oval,  (e.)  A  puppy,  in  which 
also  the  proboscis  is  above  the  eye,  as  in  the  case  of  the  pigs, 
and  in  other  respects  very  similar  to  the  above.  {/.)  A 
kitten,  with  one  eye,  in  wliicli  there  are  two  well-formed 
.  pupils;  here  also  the  proboscis  comes  from  the  forehead. 
{g.)  A  very  young  fceLus  (calf?),  in  which  there  is  hut  a 
single  eye,  with  one  pupil  and  one  cornea.  At  the  junction 
of  the  ocular  and  palpebral  coDjunctivie  there  is  a  deep  fold, 
and  the  eye  is  smaller  than  in  moat  of  the  other  specimens. 
There  is  no  proboscis,  and  the  upper  jaw  below  the  eye  is 
much  depressed.     The  tongue  is  very  much  protruded. 

(A.)  Cyclopean  lamb,  iu  which  there  is  a  single  eye,  with 
a  partial  division  of  the  pupil ;  the  upper  jstw  is  characterised 
by  the  same  depression  that  is  fouud  in  the  calf  (!).  In  it 
there  are  no  teeth,  but  simply  a  series  of  rough  papilla;. 
The  investing  skin  and  mucous  membrane  extends  for  some 
considerable  distance  beyond  the  bone.  In  the  lower  jaw, 
which  also  protrudes  somewhat,  there  are  sLic  teeth  already 
erupted. 

(i.)  Skull  of  Cyclops  puppy.  In  this  the  occipital,  parietal, 
temporal,  and  malar  bones  are  all  normal.  The  frontal  bones 
are  fused  together,  and  there  are  no  traces  of  nasal  bones  iii 
tliis  macerated  skull.  The  two  superior  maxillary  bones  are 
hrmly  fused,  and  there  are  no  traces  of  pre-maxillary  bones. 
There  are  three  teeth  in  the  upper  jaw — two  lateral  teeth, 
corresponding  in  position  and  appearance  to  canines,  and  a 
central  tooth,  the  fang  of  which  is  not  imbedded  in  the 
supenor  maxillary  bone,  but  lies  in  front  of  the  alveolar 
arch.  It  is,  however,  supported  by  two  small  spicules  of 
IjDne,  which  pass  forwards,  one  on  each  side.  They  do  not 
reach  to  the  front  of  the  fang,  where  the  tooth  is  covered  by 
mucous  membrane  only.  The  palate  bones  are  fused  iu  the 
median  line,  but  not  ossified  to  the  superior  maxiUie.  The 
vertical  plates  of  the  palate  bones  are  fused  and  twisted  so 
as  to  present  anterior  and  posterior  surfaces,  Tiiese,  with 
the  internal  pterygoid  processes,  form  the  anterior  wall  of  the 
naso-pharynx,  which  extends  forwards  for  some  little  distance 
above  the  horizontal  plates  of  the  palate  bones.  There  are 
no  indications  of  posterior  nares  at  the  bottom  of  this  de- 
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prcssion,  with  the  exception  of  a  siogle  small  mesial  caul 
wliich  eiida  blindly.  The  orbit  is  a  single  cavity,  in  vhich, 
liowcver,  there  are  indications  of  an  incomplete  septum. 
Thus  there  were  two  supra-orbital  ridges  connected  with  the 
frontal  bone,  mid  from  the  middle  line  there  is  a  alight  ridge 
in  the  roof,  which  extends  as  far  back  aa  the  optic  foramen ; 
and  tlie  latter,  though  single,  has  a  spicule  of  bone  extending 
l>art  way  across.  I<^ch  lialf  of  the  superior  maxillary  bone 
presents  a  concave  bonier  at  the  anterior  part  of  the  floor  of 
the  orbit,  and  in  the  middle  line  between  them  is  a  sliglit 
piominence. 

(J.)  Skull  of  sheep  (kindly  lent  by  Mr  Brotherston,  curator 
uf  the  Kelao  Museum),  to  which  reference  has  already  been 
made.  Tlie  occipital,  parietal,  and  temporal  bones  are  all 
normal;  the  two  portions  of  the  frontal  bone  are  firmly 
united  in  the  middle  tine ;  the  ethmoidal  fissures  are  absenL 
Here,  alao,  the  two  orbital  plates  are  fused  in  the  mesial 
plane.  The  two  halves  of  the  pre-sphenoid  arc  united,  and 
surround  a  single  large  optic  foramen.  The  post-sphenoid  is 
normal  in  shape,  but  the  body  is  smaller  than  normal.  The 
cranial  cavity  is  well  developed,  and  of  considerable  sice. 
The  superior  maxillary'  bones  are  fused ;  neither  nasal  pro- 
cesses nor  nasal  bones  are  prtaenl.     Tli«  pre-maxillariea  are 
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central  position.  The  term  Cyclopea  is  not,  however,  free 
from  objection,  for  the  existence  of  a  single  eye  is  by  no 
means  constant,  aa  the  groiip  includes  monsters  in  -vvhicU 
there  are  two  distinct  eyeballs,  and  others  in  which  both  are 
absent.  The  Cyclopea  embrace  all  those  monstei-s  in  which 
there  is  defective  development  of  the  parts  derived  from  the 
anterior  cerebral  vesicle,  bo  that  the  fore-brain  is  not  divis- 
ible into  two  hemispheres,  the  olfactory  bulbs  are  absent  oi' 
rudimentary,  and  the  optic  vesicles  are  more  or  less  imper- 
fectly divided,  or  even  in  extreme  cases  entirely  absent. 
Associated  with  the  cerebral  defects  are  changes  in  the  nasal 
and  orbital  cavities,  the  latter  tending  to  unite  more  or  less 
completely  into  a  single  orbit,  and  the  former  to  be  pushed 
upwards  and  forwards,  and  prevented  from  forming  any  com- 
munication with  the  pharynx. 

Many  writers  maintain  that  we  must  seek  for  the  primary 
cause  of  these  malformations  in  the  defective  development  of 
the  anterior  cerebral  vesicle ;  while  Hannover  seems  disposed 
to  regard  an  imperfect  formation  of  the  prechordial  part  of 
the  base  of  the  skull  as  the  primary  defect.  There  can  be  no 
doubt  that  the  malformations  of  these  two  parts — brain  and 
skull — are  intimately  connected  with  one  another.  We  will 
brieily  refer  to  several  points  of  interest  suggested  by  our 
examination  of  the  condition  of  the  skull  bones.  In  all  our 
specimens  the  orbital  cavity  was  single,  although  in  a  few 
cases  it  presented  faint  indications  of  a  mesial  septum.  The 
proboscis,  which  usually  exists,  and  is  placed  above  the  orbit, 
is  formed  from  the  fronto-nasal  process  and  the  lateral  nasal 
processes.  The  cavity  in  its  interior  in  the  human  subject  (a.), 
and  in  the  pig  (h.),  evidently  represented  imperfect  nasal 
cavities.  In  consequence  of  the  fusion  of  the  two  orbits, 
these  always  terminate  behind  blindly,  and  never  communi- 
cate with  the  pharynx. 

Normally  the  fronto-nasal  process  descends  to  form  the 
columella  of  the  nose,  and  below  that  it  gives  rise  to  the 
lunula  or  central  part  of  the  upper  lip.  It  is  interesting,  in 
relation  to  this  point,  to  notice  that  in  the  human  cyclops  (a.) 
the  upper  lip  did  not  possess  a  lunula.  In  connection  with 
the  deeper  parts  of  the  fronto-nasa!  process  are  formed  the 
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prc-maxillary  bones,  and  in  none  of  our  specimens  did  we 
find  these  bones  in  the  alveolar  arch.  The  npper  lip  and  the 
superior  alveolar  arch  are  developed  from  three  processes, 
viz.,  the  fronto-naaal,  which  passes  down  in  the  middle  line, 
and  the  maxillary  processes,  which  extend  forwards  and 
inwards  on  each  side,  and  blend  with  the  fronto-nasal. 
Although  the  parts  developed  from  the  fronto-nasal  process 
are  absent,  yet  there  does  not  appear  to  be  ever  a  cleft  in  the 
middle  of  the  upper  lip  or  superior  alveolar  arch.  Indeed, 
in  the  human  fiFtus,  and  also  in  the  other  apecimena,  not 
only  did  the  superior  maxillary  bones  meet  in  the  medal 
plane  in  front,  but  they  were  firmly  united  by  bone. 

Representatives  of  the  intermaxillary  bones  do  not  appear 
to  have  been  detected  in  the  anterior  part  of  the  proboscis. 
As  the  incisor  teeth  are  normally  fonnd  embedded  in  the 
intermaxillary  bones,  their  complete  absence  from  the  superior 
alveolar  arch,  as  in  the  human  cyclops  (a.),  is  not  surprising. 

As  Revcral  of  our  specimens  show,  a  single  central  incisor 
tooth  is  sometimes  found  in  animals  fixed  in  the  gnm  in 
front  of  the  superior  maxillso,  although  the  intermaxillaiy 
bones  are  absent.  As  the  teeth  are  developed  from  the 
epiblast  lining  the  mouth  and  the  subjacent  mesoblost,  the 
presence  of  incisor  teeth,  independent  of  the  presence  of  a 
froiito-iiasiil    procesa    and    intermaxillary    bones,    is    easily 
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Dr  Ronaldsoii  has  recorded  in  the  Ediii.  Med.  Jout.  (May 
1881,  p.  1035)  a  case  which  bears  upon  this  questioo.  It 
waa  that  of  a  child  in  which  there  was  occlusion  of  the 
posterior  nares  by  a  firm  membrane,  and  which  breatlied 
only  when  it  cried,  or  had  its  mouth  forcibly  opeued.  It 
died  a  few  hours  after  birth  from  aspliyxia.  On  post-vwrtem 
examination,  this  occlusion  of  the  posterior  nares  was  tho 
ouly  pathological  condition  observed,  and  Ur  Konaldaon 
attributed  the  death  of  the  infant  to  it^  inability  to  breathe 
through  the  mouth,  the  normal  air  passages  being  at  the 
same  time  closed.  The  death  of  a  cyclops  is  probably  due 
to  the  same  cause. 


SX.  Further  Notes  on  the  Chemical  Composition  of  Ensilage. 
By  W.  IvisoN  Macadam,  Esq.,  F.C.S.,  r.I.C,  etc.,  Lec- 
turer on  Chemistry,  School  of  Medicine,  and  Professor 
of  Chemistry,  New  Veterinary  College,  Edinburgh, 

(Rend  17th  Pebruarj  1880.} 

In  my  previous  communication  on  this  subject,'  I  showed 
that  the  proportion  of  nitrogen  found  on  analysis  of  the 
moist  ensilage  did  not  represent  the  albumenoids,  for,  by 
drying  the  sample,  a  considerable  loss  of  nitrogen  wag 
sustained.  I  therefore  proposed  that  before  samples  were 
tested  for  the  true  albumenoid  nitrogen,  they  should  be  first 
dried  so  as  to  expel  the  volatile  ammonia  compounds.  I 
further  proved  that  whilst,  in  many  cases,  the  samples  of 
ensilage  as  received  were  acid  in  character,  yet  that,  not 
nnfrequently,  the  material  was  distinctly  alkaline.  I,  there- 
fore, argued  that  the  changes  produced  by  the  silage  process 
would  be  found  to  consist  of — first,  a  fermentation  develop- 
ing  ammonia  at  the  expense  of  the  albumenoids,  and 
secondly,  of  an  acid  fermentation ;  and  that  according  as  the 
conditions  under  which  the  grass  wag  placed  were  more  or 
less  favourable  to  the  acid  ot  alkaline  decomposition,  the 
resulting  product  would  be  found  to  be  acid  or  alkaline  in 
character. 

'  Vol.  viji..  !>.  *77.  Troc.  Roy.  Pliy.  Roc.  E.lin. 
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Since  my  paper  was  communicated  to  this  Society  (March 
18th,  1885],  various  chemists  have  published  results  verify- 
iug  my  figures  and  conclnsions,  and  amongst  these  I  may 
refer  to  the  series  of  articles  which  have  appeared  in  the 
SeottisK  Agricultural  Gazette  by  Sir  J.  B.  I^wes,  Bait., 
F.RS.,  etc. ;  by  ClifTord  Kichardson,  Esq.,  Aasistant  Chemist, 
U.S.  Department  of  Agriculture  (Jour.  Ckern.  Soc.,  vol.  xlvii, 
p.  80) ;  and  by  Dr  A.  P.  Aitken  in  hia  report  to  the 
Chemical  Department  of  the  Highland  and  Agricnltnisl 
Society  {Trana.  H.  and  A.  Soc.,  1885,  voL  xvil,  p.  397). 

Since  the  date  of  my  previous  paper,  I  have  conducted  a 
series  of  teste  and  analyses  for  the  purpose  of  identifying 
and  quantitatively  determining  the  various  conditions  in 
which  nitrogen  exists  in  the  ensilage  and  also  the  acida 
present. 

Doubtless  the  fermentations  and  decompositions  may  vary 
under  diverse  conditions  in  the  silo,  but  for  the  purposes  of 
the  present  notes,  I  have  confined  myself  to  one  somewhat 
acid  sample. 

The  material  had  been  made  from  green  barley  and  pease 
mixed  with  rye-grass,  etc.  It  was  in  good  condition,  and  as 
the  various  tests  had  all  been  carefully  considered  and  laid 
down  previous  to  the  receipt  of  the  sample,  no  time  was 
^iven  for  any  further  or  new  actions  tu  be  set  up.  .such  as 
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Tlieso  results  calculated  free  from  the  moisture  gave : — 

Analysis  o?  Enbclaqf. 

{iloiU  mmple  caleulaltd /ru  frma  moiitiiTe.) 

Etlior  mttract 7775 

AlbuDiiDoiiB  (wnipoDDds,  etc., 14102 

CiirfaohydrBl«s,  otc., 46  94B 

Wooily  fibre, 10-478 

A^ 12-SP4 

89-883 

Total  nitrogen. 2-301% 

Pbospliat*a  ill  nail, l-JiiB'/, 

After  drying  a  portion,  the  total  nitrogen  then  found  to 
be  present  was  eijual  to  1-893  ^,  showing  a  loss  of  nitrogen 
during  the  drying  process  equal  to  0-411  ^  of  the  dried 
sample.  At  this  at^e  of  the  inquiry,  the  nitrogen  deter- 
minations yielded  the  following  results : — 

Nitrngcn  ID  moist  sample, 0'634% 

Which  calculBtnil  to  wutcr-rrao  samtila  is  equal  to    .  2-304% 

Nitrogen  in  dried  sample, l'S93% 

=  Albnnienoida 11-831% 

nitrogen  lost  during  drying  process,  0-411% 

=  Ammoniu, 0-499% 

On  distilling  a  portion  of  the  fresli  sample  with  water,  a 
distillate  was  obtained  which  was  acid  in  character.  This 
was  considered  as  proof  that  no  free  ammonia  was  contained 
in  the  sample,  a  fact  rendered  evident  by  the  acid  character 
of  the  ensilaga  The  distillate  was  afterwards  treated  with 
Hodic  carbonate  and  re-distilled,  when  a  quantity  of  ammonia 
was  found  in  the  distillate  equal  to  0'481  %  of  the  original 
sample.  The  results  for  the  volatile  ammonia  then  stood 
thus: — 

Ammonia  =  Nitrogen  lost  on  dryiug  originsl  mmplo,         0-4997. 
Ammonia  =  Nitrogon  obtftined  by  distilliitiaii  =  vola- 

tUe  ammonia 0-4817, 

Ammonia  =  Volatile  nitrogen  not  accounted  Tor,      ,        00187, 
OontHiniog  nittogeii,        ,        ,         .        .         .         O'OlGVs 

The  residual  material  left  in  the  retort  after  the  iirst  dis- 
tillation was  found  to  be  still  acid,  but  on  treatment  with 
sodic  carbonate  yielded  a  distillate  containing  nitrogen  equal 
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tn  O'lfiT  %(=aninionia,  0'202).  It  thus  became  evident  that 
no  niun!  process  of  drying  could  give  satisfactory  results  of 
tlio  amount  of  albumenoid  nitrogen,  as  such  figures  would  be 
loo  lii;;1i  from  the  presence  of  fixed  ammonia  salts.  Tliu 
nitn><^n  found  durin;;  the  last-mentioned  experiment  would 
lio  equivalent  to  1'044%  of  albumenoids,  and  this  deducted 
from  the  previously  corrected  figures  leaves  10787  %  as  the 
amount  of  albuminous  material,  equivalent  to  the  remiuning 
nitroguR  prctsent  in  the  ensilage,  after  calculating  the  results 
as  free  from  moisture. 

Tlio  volatile  acid  liquid  was  found  to  contain  butyric  acid, 
and  the  acidity  present  when  calculated  into  that  acid  gave 
the  following  proportions  :— 

Pm  (Volatili.)  Butyrii-  Afi.l 0-09*% 

'l/uinbiiMt  ,.  2-43D% 

Toliil  niitj-ric  Aiiii 31S3% 

*  =  llutjriilour  Ammonia 2-970% 

Tim  fixed  acid  contained  lactic  ocid,  and  the  results,  when 
ciilunhitwl  into  that  ocid,  gave — 

J'W(Kimtl)L»i:tk  Arkl 0-428% 

*'r,mhiu<--l  1-07S% 


T..U1  LacUo  kM iri01% 


^B 
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'             The  results  of  the  analysis,  if  calculated  on 

the  nitrogen             H 

present  in  the  sample  after  drying,  would  be — 

1 

Ether  Extrwt 

7-770                          ■ 

Albamenoiils 

1 

48'S2D                          H 

Woody  Fibre, 

■ 

Aah, 

12-394  ■ 
1 00 '000                            1 

Whilst  taking  into  consideration  the  various 

points  stated              H 

in  this  pnpei',  the  analysis  of  the  material  as  received  would              | 

be— 

AN*LVSIB  or   EHHtLAOB. 

[A»  lUceitcd.) 

HoisturD, 

efl-224 

Etlier  Eitraet 

2-228 

8'810 

Carbohydrates,  etc,  ....... 

13-748 

Woody  Fibre 

GBe4 

Mineml  Matter. 

S'8U 

Anmoniii  Butyratp 

o-ei4 

Butyric  Aciil  (Free), 

0-213 

Ammonia  Uctate, 

0-aB2 

Loctic  Aciii  (Fcoe) 

0131 

These  results  calculated  to  the  drv  material  oive —                          H 

Analysis  op  Ensilaob. 

■ 

{Cnlculaled/ne/rom  Moiaure.) 

■ 

Ether  Extract 

7 '347                          ^M 

M 

Carhohyilrates,  Etc 

14-672                          H 

Woody  Fibre 

IS -479  ^M 
12  894                           ^M 

Mineral  Mutter 

2-B70                           ■ 

Butyric  Acid  (Free) 

O'CM                           ■ 

AmmoDia  Lactate 

i-s7e                   H 

Lactic  Acid  (Free), 

0-423                            B 

100-047                                 H 

EecapilvIation.—lheBe  results  show— 

■==                1 

1.  That  the  nitrogen  present  in  the  fresh  sample  does  not 

represent  the  albumenoids. 

2.  That  nitrogen  is  present  as  a  volatile  combination. 

3.  That  nitrogen  is  present  as  a  fixed  salt. 

^^ 
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4.  That  the  acidity  a  partly  volatile,  and  contains  bntyric 
acid. 

5.  That  part  of  the  acidity  is  non-volatile,  and  contains 
lactic  acid. 

6.  That  the  volatile  and  fixed  acids  are  in  part  free  and  in 
[iart  in  comhination  with  ammonia. 


XXl,  FurOur  Note*  on  Kortk  Rona}  being  an  Appendix  to. 
irr  John  Swi.vbubne's  Paper  on  that  Island  in  the 
"Proceedings"  of  this  Society,  1883-84.      By  J.  A. 
Hakvie-Browh,  Esq.,  F.RS.K,  etc.     [Plate  XI.] 
(Read  17tli  February  1886.) 
As  au  Appendix   to  the  valuable  account  given  to  this 
Society  in  December  1883  by  my  friend  Mr  John  Swinburne, 
I  beg  to  ot(ex,  first,  a  drawing  of  the  islands  of  North  Kona 
flud  Soulisgeir  (or  Sula  Sgeir)  as  seen  by  myself  and  a  friend 
— Mr  Hugh  G.  Barclay  of  Norwich — when  approaching  the 
former  island  from  the  S.E.  by  S. ;  and  I  offer,  in  the  second 
place,  some  slight  account  of  our  visit  to  Bona  in  June  of 
the  present  year — 1886. 

I  have  been  able  during  this  visit  practically  to  substan- 
tiate most  of  Kir  Swinburne's  observations  and  his  accounta 
iievious  wriLcrs  on  the  loculity.  ami  also  to  add  four 
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good  representatives  of  the  Danish  and  Celtic  types.  Having 
objections  to  the  appointment  of  a  layman  as  preacher  to  the 
church  at  Ness,  and  being  grieved  at  some  feeling  shown 
them  in  consequence  of  the  action  which  they  took  along 
with  a  few  others  of  the  congregation,  they  were  desirous  of 
making  some  atonement  fur  their  opposition,  and  resolved  to 
leave  the  place. 

"  Accordingly,  on  the  morning  of  Monday.  20tli  May  1884, 
they  sailed  for  the  island  of  North  Roney,  where  they  lauded 
that  night.  Ostensibly  their  reason  for  going  there  was  to 
take  care  of  the  sheep  on  the  island,  but  in  reality  it  was  to 
atone  for  their  action  against  the  minister  that  they  went 
into  exile."  Mr  Carmichael  here  points  out  the  similarity 
between  the  action  of  these  two  men  voluntarily  going  into 
exile,  and  that  of  Saint  Calum  Cille  when  he  left  Ireland 
and  went  to  Scotland.  "  Twice  did  boats  go  out  to  North 
Rouey — in  the  following  August  and  September — -and  the 
friends  endeavoured  to  get  the  two  men  to  return  to  their 
families  and  friends,  but  in  vain.  The  men  were  then  in 
good  health,  and  apparently  enjoyed  their  island  home,  and 
employed  themselves  iu  building  sheep  fanks,  fishing,  and 
killing  seals."  Mr  Carmichael  here  relates  a  curious  instance 
of  a  sort  of  second  sight  or  presentiment  of  evil  rsgarding 
the  men,  which  occurred  in  the  person  of  au  old  woman 
called  Flora  MacDonald  residing  near  Ness,  but  we  need  not 
reiat«  that  here,  and  only  mention  it  in  order  to  point  out 
that,  in  consequence  of  her  repeated  urging  upon  the  people 
of  Ness,  strong  efforts  were  made  by  the  relatives  to  reach 
Eoney,  "  It  was  only,  however,  on  the  22d  April  1885,  after 
two  previous  unsuccessful  attempts,  that  they  effected  a 
landing.  No  one  met  them.  At  the  door  of  the  little  half- 
undeT^round  house  occupied  by  the  two  men  the  boatmen 
found  the  body  of  Malcolm  MacDonald  in  a  sitting  position 
beside  an  improvised  fireplace,  as  if  he  had  fallen  asleep. 
On  the  floor  of  the  house,  beside  the  fireplace,  lay  the  body 
of  Murdoch  Mackay,  His  tartan  plaid  was  placed  neatly 
and  carefully  over  and  under  him,  sliowing  that  the  den- 
hands  and  warm  heart  of  Malcolm  MacDonald  hod  performed 
the  last  sad  ofHce  to  the  body  of  his  dead  friend.    The  bodies 
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were  v-nipped  in  canvas  wrappings,  and  buried  side  by  side  in 
the  primitive  and  beautifully  situated  buiial-place  adjoining. 
"  It  was  feared  that  the  poor  men  might  have  met  with 
fool  play,  end  the  matter  having  been  brought  up  in  Parlia- 
ment, the  Crown  authorities  ordered  an  inveatigation.  Ac- 
cordingly the  procurator-fiscal,  Stomoway,  and  two  medical 
men,  proceeded  to  Boney  in  the  fishing  cutter  '  Volant.' 
The  bodies  of  the  two  men  were  exhumed,  and  a  pogt'tnortem 
examination  made.  There  was  no  appearance  of  foul  play ; 
it  was  ascertained  that  Murdoch  Mackay  died  of  acute  in- 
flammation of  the  riglit  lung  and  left  kidney,  and  that 
Malcolm  MacDonald  died  from  cold,  exposure,  and  exhaoa- 
tion.  The  opinion  among  the  friends  is  that  Malcolm  Mac- 
Donald  assiduously  attended  his  friend  day  and  night  till  he 
died,  by  which  time  he  himself  became  so  weak  that  he 
could  not  bury  the  body,  and  being  unable  to  remain  in  tlie 
hut  had  sat  down  by  the  improvised  fire  and  died.  There 
was  a  small  jwt  on  the  little  fireplace  at  the  door,  indicating 
that  Klalcolm  MacDonald  meant  to  prepare  for  himself  some 
food,  which,  however,  he  was  never  destined  to  eat  The 
medical  examiners  found  nothing  in  his  stomach  but  a  few 
grains  of  meal  and  a  little  brown  li()uid — probably  tea.  An 
abundance  of  unconsumed  food  was  found  in  the  hut.     On 
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accurately  dressed,  2  feet  long  and  IJ  inch  in  the  side,  A 
notch  is  ueatly  cut  into  the  corner  of  the  bar  for  each  day  of 
the  week,  aud  then  a  deeper  notch  for  Sunday,  while  for  the 
end  of  the  month  a  cut  is  made  from  side  to  side  of  the  bar. 
The  plan  is  simple,  clever,  and  intelligible.  The  markings 
begin  on  Friday,  the  2l8t  June  1884,  and  cease  on  Tuesday, 
the  17th  February  1885,  Towards  the  end  the  notches  are 
less  neatly  and  accurately  made,  indicating  very  clearly  that 
the  deft  fingers  which  fashioned  the  rest  were  becoming 
weak  and  powerless  to  cut  into  the  hard  pine  wood.  These 
notches  are  no  less  touching  than  instructive,  aud  speak  to 
the  eye  aud  to  the  lieart  aud  the  imagination  with  a  pathos 
all  their  own.  Through  a  hole  iu  the  end  of  the  calendar 
is  a  looped  cord  by  which  to  suspend  the  stick.  It  is 
singular,"  concludes  Mr  Carmichael,  "  if  nothing  more,  that 
it  was  about  the  very  time  that  Flora  MacDonald  began  to 
see  her  '  warnings '  that  the  last  notch  of  tlie  stick  records 
the  cessation  of  the  last  life.  These  '  warnings '  became 
so  all-absorbing  to  her  that  she  walked  fifteen  miles  to  the 
friends  of  the  exiled  men  about  them/'  aud  Mr  Carmichael 
further  relates  that  he  himself  interviewed  a  young  man  iu 
Kdiuburgh — Uonald  Morrison — who  was  on  his  way  home 
from  Canada  to  see  his  people  at  Ness,  and  who  related  that : 
A  fortnight  before  he  had  received  a  letter  from  Ness  saying 
that  the  friends  of  the  men  in  liona  were  in  a  state  of  ex- 
treme anxiety  concerning  them  in  consequence  of  Flora 
MacDonald's  statements;  aud  wheu  tiLe  said  Donald  Mor- 
rison landed  at  Liverpool,  he  was  greatly  astonished  at  the 
comtbomtion  of  Flora  MacDonald's  fears,  or  the  coincidence, 
if  yon  will,  between  her  statement  and  the  friends  of  the  men. 
I  have  to  thauk  my  friend,  Mr  J.  J.  Dalgleiah,  for  a  perusal 
of  several  letters  and  copies  of  MSS.  and  extracts  relating  to 
the  island,  but  as  these  had  already  been  made  full  use  of  by 
^^r  Swinburne,  I  do  not  think  it  necessary  to  quote  from 
them  here  again. 

The  liahit  of  sheep- stealing  is  still  carried  on  by  passing 
ships  or  fishermen.  Iu  the  summer  of  this  year — 1835 — 
both  slicep  and  the  oil  barrels  and  the  plenishings  of  the 
house  belonging  to  the  dead  men,  consisting  of  tea,  sugar, 
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butter,  soap,  a  grinding-stone,  etc.,  were  stolen  by  some 
Grimsby  fisbermeQ,  who  have  Bince  beea  apprehended.  These 
aiticles  were  all  upon  the  island  at  the  time  of  our  visit  in 
June,  and  there  soemed  to  be  considerable  honourable  feeling 
even  amongst  the  proprietors  against  touching  the  dead  men's 
cfTecta  The  Grimsby  men  were  apprehended  in  their  own 
liomea  in  Grimbsy,  taken  prisoners  to  Stomoway,  where  they 
were  tried  before  the  Sheriff,  and  sentenced  to  imprisonment 
— the  crew  to  two  months  and  the  master  to  eight  months. 
The  theft  was  committed  about  the  end  of  Jnne,  and  must 
have  been  done  within  a  very  short  time  of  the  date  of  our 
visit  in  the  "  Eunice."  Another  theft  of  four  sheep  was 
committed  whilst  Malcolm  MacDonald  and  Murdoch  Mackay 
were  alive,  as  reported  by  them  to  their  friends  in  August 
1884.  They  could  not  read  the  uarae  of  the  boat,  though 
there  was  a  name  on  the  stem.  When  in  Great  Grimsby  in 
December  last,  the  writer  of  this  paper  had  an  interview 
with  a  smack  owner,  in  wliose  employment  two  of  the  men 
apprehended  had  once  been. 

The  Great  Grey  Seal  {Halickarus  gryphus)  is  abundant  on 
the  outlying  skerries  and  lower  shores  of  Eona,  and  as  we 
approached  the  island  numbers  of  these  animals  were  seen 
somewhat  in  the   locality  indicated   in   our   sketch.      We 
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fishermen  yive  diiferent  numbers,  and  do  not  agree  among 
tbemselves.  John  Mon-ison  states  the  numbers  as  follows: 
in  1885,  89  on  Eona;  in  1884.  143  on  Eoiia;  in  1883,  107 
in  Rona;  in  1882,  30  on  Sulisgeir  only." 

"I  have  received,"  writes  Mr  J.  N.  Anderson,  Danish 
Consul,  Stornaway,  in  lit.  July  24,  1886,  "  for  the  past  few 
ycara  most  of  tlie  skins  of  Ihe  seals  killed  [on  Bona  or 
Sulisgeir],  and  their  number  has  been  from  120  to  15U." 

Itegarding  the  botany  of  North  Eona,  Mr  E.  M.  Barrington 
could  aay  a  great  deal  more,  no  doubt,  but  he  has  kindly 
sent  the  following  list  of  species,  which  may  interest  many 
of  our  merahere.  He  pa'tixea  his  list  with  the  remarks  :  "  1 
was  too  early ;  but  the  ilora  is  remarkable  for  its  poverty ; 
I'lantago  viarUima  absent,  and  Ophiagloesaiii  vvlgaluvi,  var, 
amhiguum,  abundant.  These  are  the  two  salient  points.  I 
noticed  35  species,  to  which  a  few  might  be  added  later  on." 
The  following  is  the  list  supplied  by  Mr  Barrington,  Having 
no  botanical  knowledge  ourselves,  much  to  our  regret,  we  can 
only  hope  that  some  day  Mr  Barrington  will  add  some  account 
of  this  branch  of  natural  history  to  the  knowledge  of  tlieso 
insular  gi-oups,  many  of  which  be  has  personally  in.spected. 
Meanwhile  we  always  consider  it  desimble,  in  treating  of  these 
insular  positions,  to  place  on  record  what  is  already  known. 
PLANTS  OliSEKVED  ON  NOllTH  RONA,  JULY  1,  1886. 
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Jlnnantitliis  Flaminiilii ,  l.iuu 

„  rcpcna,  Liiiii. 

CoMtaria  ifffieinalU,  Linn. 

„     ..,,  ■./, 

Crrtulium  Utrandam,  Curt. 

„         Iriviahs,  Liuk. 
SUilana  media.  With. 
Sagina  laarilitiia,  Don. 

„      jmicvtnbeiu,  Linn. 
Montia  fmlitna,  Liim, 
Trifolivm  Ttpms,  Linn. 
I'oleitliila  Anacrina,  Linn. 
Jlydraceljflt  vuliptria,  Linu. 
Zijpidiewm  teatiaim,  Liutl. 
Angelica  aylvcatrit,  Linn. 
Billii  jierenni;  Linn. 
JAdrioiria  iaodora,  IJnn , 

OjAiiigt'jssuiii  rifi 
VOU  IX, 


LemtodoH  autumnalii,  Linn. 
AnncHa  narUima,  WillJ. 
ilUmx  ,,         Linn. 

I'lanlago  major,  Linu, 

,,        coronapvs,  Linn. 
AlripUx  Babi'igtoaii,  Wuodn, 
Ititmex  Aectota,  Linn. 

,,      AeeUneUa,  Linn. 
Ltiaata  {campailrU,  D.  C.  I), 
Kkixliarit  iKtlvalrii,  R.  llr. 
Briopharum  awjiistifoHum,  Itolli. 
Cbrtii  vulgaris.  With. 
Airapraeoa!,  Linn. 
Jlolcm  lauattit,  Linn. 
Foapralinsu,  Linu. 
Fotiua  rubra,  Liuu. 
Naritu^  ilritta,  Linu. 
ar.  uMbiyuum,  Linn, 
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The  diflicultios  of  laudiug  on  Bona,  we  believe,  are  not 
exaggerated ;  indeed,  it  must  be  granted  that  tbe  place  ia 
extremely  difiicult  of  access.  Considerable  colonr  is,  no 
duubt,  always  given  as  to  the  difficulty  of  landing  at  moat 
of  these  outlying  islands ;  still  there  is  reason  to  believe 
that  fur  weeks  together  landing  is  quite  impossible.  Mr 
II.  G.  Barclay  and  myself  tried  to  reach  Kona  this  year  no 
less  than  four  times  before  we  succeeded,  and  only  once  did 
we  even  conio  within  sight  of  the  island.  Our  yacht,  hired 
through  an  agent  on  tlie  Clyde,  was  somewhere  about  93 
feet  in  keel,  and  about  13^  to  14  feet  in  beam ;  in  fact,  a 
river  boat.  So  bad  was  she,  that  we  were  either  imprisoned 
at  Storuoway,  or  at  Loch  Inver,  or  at  Loch  Laxford,  having 
to  run  for  shelter  even  in  a  very  moderate  sea.  At  last,  on 
the  morning  of  the  IGth  June,  we  steamed  out  of  Loch 
Laxford  about  10  A.M.  Ground  swell  ouly — no  long  rollets — 
not  a  breath  of  wind — luck  at  last.  Horizon  clear,  but  slight 
heat  haze  over  both  laud  and  sea,  which  I  predicted  would 
bring  up  a  geutle  laud  breeze — easterly — at  night,  which  the 
sequel  shows  was  correct 

Weather,  pro  tcm.,  apparently  as  dbtinctly  settled  as  in 
twenty  years  I  have  ever  seen  it  on  the  West  Coast  at  this 
season  ;  yet  the  glass — aneroid — went  down  one-tenth  by 
'clock  noon.      There  it  reuiaiiied  steady,  but  stJlJ  v 
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flpades  in  the  house.  TIirsg  we  found  and  used,  but  the 
crowbar  would  have  been  very  useful,  although  heavy  to 
carry  up.  The  steward,  one  of  the  crew,  and  our  pilot 
(Normau  Macleod,  who  also  was  with  Swinburne)  i 
panied  us,  and  we  drew  the  boat  up  high  and  dry  on  the 
rocks. 

We  made  direct  for  the  Fork-tailed  petrels'  breeding-place 
among  the  ruina  of  the  old  village,  and  worked  nearly 
an  hour  and  a  half  at  excavating  the  Petrel's  eggs,  but  v 
not  quite  so  successful  as  Mr  Swinburne,  who  obtained 
rather  more  specimens  than  we  did.  Amongst  the  Petrels 
were  three  Stormy  petrels,  which  we  caught  in  the  holes, 
but  they  did  not  appear  to  have  eggs.  We  kept  these  as 
specimens,  along  with  seven  examples  of  Fork-tailed  petrels 
each  caught  on  its  own  egg.  The  others  we  let  away,  and  I 
tossed  several  up  in  the  air  in  order  to  observe  the  flight. 
It  was  vei-y  curious  in  the  broad  daylight — strange,  graceful, 
zig-zag,  uncertain,  wavering ;  part  bat- like  or  butterfly-like, 
part  swallow-like  or  "pratincoline,  part  snipe-like,  if  I  may 
be  allowed  to  attach  so  many  adjectives.  They  flew  first  in 
circlea  round  their  breeding  haunt,  and  in  a  few  seconds 
made  away  down  the  slopes  towards  the  sea,  the  light- 
coloured  pale  smoky  coverts  showing  to  great  advantage  be- 
side the  other  dark  plumage,  and  the  white  tail-spot  very 
handsome  and  distinct,  I  should  have  liked  to  toss  up  the 
Stormy  petrels  also,  in  order  to  compare  the  flight  of  the  two 
species,  but  as  I  only  obtained  one,  and  did  not  feel  sure 
that  the  species  had  been  previously  recorded  from  North 
Ilona,  I  preferred  keeping  the  specimen. 

The  single  eggs  of  each  bird  lay  at  the  extreme  end  of  the 
tunnellings,  deep  amongst  the  stones  and  sea-pink-covered 
turf-walls  of  the  long-since  desolated  village.  Our  men,  as 
well  as  ourselves,  worked  heartily  with  the  spades,  but  wo 
took  with  our  own  hands  all  the  eggs  e.\cept  four.  In  one 
hole  only  did  we  find  two  birds  with  the  single  egg. 

The  ruins  are  on  the  southern  slope  of  the  island,  as  shown 
on  the  sketch,  and  nre  of  considerable  extent,  surrounded  by 
a  large  number  of  old  cultivated  patches  of  land,  showing 
the  "lazy- bed"  method  of  potato-cultivation,  but  now  covered 
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over  a^ain  witli  gnocl  (rrass  and  sea-pinlc  moanda  Tliere 
npi>cnr3  to  be  about  9  inches  of  good  mould,  and  what  in  a 
good  season  would  be  quite  a  luxuriant  growth  of  grasses. 
At  a  little  distance  from  the  houses  the  turf  had  been  cat  off 
tho  surface  for  fuel  or  for  building  purposes — a  custom  also 
adopted  by  natives  of  St  Kilda.  Here  the  surface  wounds 
Bonn  heal  ap,  and  become  covered  with  grasses,  but  in  St 
Kilda  the  contrary  is  the  case,  and  often  the  denuded  patches 
do  not  again  bear  any  turf  covering.  From  the  whole 
southern  slope,  loose  stones  have  been  gathered  off,  and  these 
now  stand  in  cainis  here  and  there,  affording  shelter  and 
nesting  ground  for  a  few  pairs  of  wheatears. 

Leaving  the  lu;;h  south  hill  of  Itona,  we  descended  tho 
Btceper  slope  on  tlie  north  side,  above  the  place  where  our 
b(»nt  liad  been  pulled  up  on  the  rocks.  The  dirt  and  the  heat, 
and  the  petrel  oil  which  the  birds  freely  administered  to  us, 
made  us  extremely  glad  to  have  a  long  pull  at  Silvers'  water- 
bottle.  Coming  down  the  slope,  I  endeavoured  to  take  a 
rough  outline  of  the  low  north  promontory  of  llona,  which  I 
have  preserved  in  my  journals,  but  think  it  hardly  worthy 
of  reproduction  hcra  But  time  was  (lying,  and  we  were  a 
long  way  off,  in  a  crazy  ship,  with  a  falling  barometer.  The 
iiortheni  end,  so  far  as  we  hod  time  to  get  over  about  one- 
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nest  or  young;  but  I  was  not  "captain  of  the  watcli,"  and 
the  whistle  sounded  punctually  at  (J  o'clock  p.m.,  the  hour 
at  which  promise  had  been  made  to  return  on  board.  The 
weather  was  settled,  a  gentle  easterly  land-breeze  was  just 
commencing,  and  there  was  a  scarcely  perceptible  haze  to 
the  westward.  Besides  the  Whinibrels,  I  saw  one  pair  of 
Ringed  plover — another  addition  to  the  Bona  list — also  evi- 
dently breeding,  and  many  Oystercatchers  amongst  the  broken 
ground  of  the  Puffin  slopes. 

Having  left  the  island,  we  steered  for  Stornoway.  We 
stayed  late  on  deck,  and  turned  in  reluctantly  at  1  a.m.  ;  we 
awoke  at  7  a.m.  next  morning  in  the  harbour  of  Stornoway, 
with  half  a  gale  of  wind  shrieking  outside,  and  mingling  its 
uproar  with  the  unearthly  moans  and  caterwaulings  of  the 
tng-steamers  and  other  small  steam-craft.  Why  the  latter 
do  this  hideous  thing  concerned  us  not,  except  in  so  far  that 
we  would  fain  have  rested  more  tranquilly  than  was  per- 
mitted to  us  to  do. 

Taking  Mr  Swinburne's  list  as  a  basis,  and  adding  thereto 
our  own  observations  and  those  of  Mr  Richard  M.  Barrington, 
who  visited  Runa  in  1886,  and  stayed  three  days  on  the 
island,  viz.,  between  June  29th  and  July  1st,  inclusive,  we 
now  place  the  avi-fanna  on  the  following  footing  : 

Saxicola  cettanUit — the  Wheatear.  included  by  Swinburne. 
— Seen  not  uncommonly  by  us  in  1885,  flitting  about  amongst 
the  cairns  of  gathered  atones — perhaps  three  or  four  pairs, 
perhaps  less.  One  bird  seen  by  BaiTington,  who  thinks  it 
was  breeding. 

Motacilla  lugubris  (Temm.) — Pied  Wagtail. — One  specimen 
was  seen  near  the  stone  hut  catching  blue-bottle  flies  on  dead 
Shags  {fidt  W.  Williams).' 

Motacilla  rait,  Bonap. — Yellow  Wagtail. — One  female  shot 

Anthus  obscunis  (Lath.) — Rock  Pipit. — Observed  by  Swin- 
burne, aud  commonly  by  ourselves  and  R.  M.  Barrington, 
who  obtained  a  nest. 

Anthus  pratcTisis,  Linn. — Noted  by  Swinburne ;  not  seen 
by  us,  nor  included  by  Barrington. 

jPaaeer  montanvs  (Linn.). — Not  seen  by  Swinburne  nor  by 
'  Obe  of  Mr  Eiirriiigton'*  jiarly. 
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M*.  i-iil  live  wen  tojctlier  hy  liarrinfrton,  and  three  shot — 
two   iitalos  aail   a  female.      BamogtOD  thinks   they  were 

IliriiH'io  rii.itift  'Linn,''. — A  pair  seen  on  the  north  side 
al'-<iit  tlie  clill'  '.«■'/,■  W.  Williams),  1S86. 

Ch'li-h'n  Hrhi.-i  ;i.inii.).— One  shot  1SS6. 

tttr'idil"i  intfrjirii  (Linn.). — Five  seen  on  rocks  1>etweGn 
liii'h  ami  low  water-mark  by  l»amn{:tou'a  ]»rty.  Summer 
]>Iiima^'o  not  cniit|>Ieto.  According  to  our  ctperiences  of  the 
OutvT  IIi'l>ri<k-s  and  West  of  Scotland,  this  is  usually  the 
ca.so  in  rejanl  in  the  iiliimaj:e  of  Turnstone  when  seen  in 
siiiiiuKT  ilu-re  ;  liut  wt-  have  seen  birds  in  pairs,  on  several 
I  n-'':!  sin  I  IS  also,  in  full  summer  plumage,  or  almost  perfect 
litviiliiij:  ilri'*?!.  Wi'  have  seen  many  Turnstones  and  many 
I'lnple  sandpipers  in  June  on  many  parts  of  the  Hebrides 
and  Wf.«t  t'l'ast.biit  we  cannot  on  any  one  occasion  recollect 
an  instance  in  which  the  actions  of  these  birds  would  lead 
one  to  siip|i<i$i.'  thi'v  wti-e  liU'tdiny,  except  once,  when  Purple 
san<l)iipi.-i:3  were  found  hii;h  «p  on  a  hillside,  and  others — 
IVmalfs — were  shot  oti  the  sIkhv  line,  with  ovaries  not  very 
lar  iidviiiiced  in  dcvelnpnicnt,  but  tlie  binls  in  very  nearly 
jierfoct  brocdin;;  dress.  This  was  durinfj  tlie  la.st  days  of 
May.  Wc  think  it  r|uitc  jwssible  Turnstones  may  have  bred, 
•  if  iini,  that  ihfv  mny  vet  extgTul  tla-ir  brcedip 
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of  tjiese  birds  on  tlis  northern  peninsula  of  Rona,  and,  ua 
already  related,  all  their  actions  were  distinctly  indicative 
of  their  having  a  nest  or  young.  Thi8  seems  an  interesting 
link  in  the  breeding  distribution  of  the  species — i.e.,  if  we 
accept  our  own  experience  of  bird-action  as  indicative  of 
lireeding ;  and  aa  we  know  that  llona  lies  in  the  direct  main 
line  of  their  spring  migration,  such  an  event  happei 
scarcely  to  be  wondered  at,  if  we  regard  also  their  presently 
known  breeding  range.  Tlie  nearest  point  at  which  the 
Whimbrel  is  known  to  breed  with  certainty,  to  my  knowledge, 
is  on  one  of  the  southern  islamis  of  Orkney,  and  this  they 
did  certainly  twenty  years  ago.  Faroe  and  Iceland  aeeni 
to  be  their  beadtjuarters  in  the  west  of  Europe.  They  pass 
most  numerously  north  nlong  the  coasts  of  the  Outer  Hebrides 
in  May,  more  abundantly  on  the  west  coast  than  on  the  east 
coast,  occur  not  so  abundantly  on  the  Inner  Hebrides,  com- 
paratively scarcer  on  the  west  coast  of  the  mainland,  aiul 
still  more  infrequently  on  the  East  Coast  of  Scotland.  They 
are  known,  however,  by  us  to  cross  over  Scotland  at  certain 
passes,  as,  for  instance,  up  the  Spean  Valley,  and  down  the 
Spey  in  spring.  The  distribution  and  migration  are  in  great 
measure  dependent  upon  one  another — a  simple  fact  which 
must  force  its  importance  upon  the  notice  of  ornithologists 
as  regards  many  species. 

Barrington  shot  one  male  bird  on  Rona  in  188G,  but  it 
does  not  appear  to  have  been  noted  by  Swinburne.  The 
birds  we  saw  were  silent,  crouching,  and  running,  and  did 
not  get  on  wing.  All  their  actions  wei-e  distinctly  those  of 
breeding  birds.  The  birds  that  Barrington  saw,  he  thinks, 
were  not  breeding. 

C/utradrius  hiaticida  (Linn.) — Ringed  Plover. — Wa  met 
with  one  pair  of  the  Ringed  plover  on  the  north  peninsula, 
evidently  nesting,  though  neither  Swinburne  nor  Barrington 
aeems  to  have  seen  the  species  on  the  island. 

Fedeo  peregrinvs,  Linn. — Peregrine  Falcon. — Swinburne 
observed  a  pair  near  the  south-west  part  of  the  island,  where 
he  considered  they  had  a  nest,  "  from  the  outcry  they  made 
when  that  portion  of  the  island  was  approached."  We  saw 
nothing  of  them  in  18S5,  but  we  did  not  go  near  the  clills  of 
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t)ic  soutli-WGSt  siile  owing  to  want  of  time.  Barrington  docs 
not  appear  to  liuve  observed  them  in  1886. 

S/crna  vmei-ura  (Naum.) — Arctic  Tern. — Not  noted  by 
Swinburne.  Oltservcd  by  ourselves  on  the  northern  penia- 
sula;  and  Iturrington  found  nests  and  a  colony  of  about 
thirty  iMiirs,  one  bin!  from  wliicli  was  "  shot  to  make  sure." 

Larus  arrjenlattus,  Linn. — Herring  Gull. — Swinburne  saw 
several  pairs ;  we  found  a  few ;  and  Ikrriiigton  found  "several 
breeding,  but  not  ao  common  as  the  next  species." 

lAtrtts  ftuKus,  Lina — Lesser  lllack-IJackcd  Gull. — Swin- 
burne "  did  not  notice  any  Lesser  black-backed  gulls,"  Uiough 
lie  hnd  "  no  doubt  they  were  tliere,"  but  neither  did  we  meet 
with  the  speci<-B  on  the  island.  Barrington  marks  them  as 
"  jdenliful,  bi'ccdiug  at  the  south  side,"  and  also  includes  the 
next  si)ccies;  so  there  is  no  doubt  that  all  tliree  of  our 
common  Innrc  ^'tdls  inhabit  the  island. 

Larus  7narimui,  Linn. — Great  IMnck-Backed  GulL — Swin- 
burne ineutiuiis  the  large  colony  "  brcediug  on  the  low  point 
at  the  west  end  of  Kona."  We  found  them  "  apparently  in 
a  colony,  but  did  not  reach  the  nesting  locality ; "  and  Har- 
rington says,  "  I'leiitiful,  breeding  in  lai'gcr  numbers  than  I 
have  seen  it  anywhei-e  on  the  British  coasla" 

Jiissa  tridadyla  (Liiui.) — Kittiwake. — Large  nun^bers  on 
north  side  of  Suluigeir,  and  also  ou  the  north-west  side  of 
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have  already  given  (aiipTa).  It  appeared  difficult  to  estimate 
their  numbers,  but  we  are  surely  below  the  mark  if  we  put 
them  down  at  from  60  to  80  or  even  100  pairs  at  the  old 
houses,  !ind  it  is  possible  more  may  be  found  on  other  parts 
of  the  island. 

Procellaria  pelagica  (Linn.) — Storm  Petrel. — While  Swin- 
burne did  not  meet  with  any  of  this  species,  and  we  ouly 
obtained  two  sheltering  among  the  corridors  of  the  Fork-tailed 
petrels'  colony,  Barririgton  found  a  large  colony  on  the  western 
end,  where  there  were  none  of  P.  Ititcorrhoa,  and  also  found 
one  or  two  P.  pelagica  in  the  colony  of  F.  leueorrhoa  on  the 
south-dast  side.  "  The  churr  of  the  stormies  at  nights,"  adds 
Mr  Barrington,  "  was  very  loud,  hundreds  churring  under 
stones  at  the  same  time." 

Aiea  torda,  Linn. — Razorbill. — Found  plentifully  by  all  of 
us,  and  on  Sulisgeir  by  Swinburne.  We  found  "  a  very  fair 
colony  of  the  two  species  (Guillemot  and  Razorbill),"  the 
Razorbill  the  more  abundant  of  the  two. 

Lomvia  troih  {Linn.J  —  Common  Guillemot. — Coniraou. 
The  ringed  variety  was  found  by  Swinburne,  and  eggs  taken 
from  below  the  birds ;  Barrington  estimates  their  numbers 
at  17  of  the  latter  to  64  of  the  former  counted.  We  did  not 
have  time  to  look  into  this  matter. 

Uria  iToile  (Linn.) — Black  Guillemot — Swinburne  found 
a  good  many  about  the  west  end  of  Rona,  and  Barrington 
found  them  breeding  in  the  walls  of  the  old  dwellings  a 
hundred  yards  from  the  sea.  "During  tiie  day,"  says  Mr 
Barrington,  "  they  sat  sunning  themselves  on  the  grassy 
roofs  of  old  houses.  Never  found  this  species  breeding  before 
e-teept  in  clefts  of  rocka  and  cliffs  not  liigh  from  high-water 
mark."     We  saw  nothing  of  this  species  in  1885. 

Fratercula  arctka  (Linn.) — PufBn. — Breeds  nbuudantly. 
Most  numerous  at  the  west  end,  according  to  Barrington,  but 
we  also  found  great  numbers  on  the  north  peninsula.  Swin- 
burne speaks  of  it  as  "swarming." 

Pkalacrocorai  gramtlvs  (Linn.) — Shag. — Abundant.  None 
of  the  larger  species  noted  by  any  of  the  parties. 

&tla  bassoTta  (Linn.) — GanneL — Breeds  on  Sulisgeir,  and 

Swinburne  speaks  of  "  2000  to  2ri00,  and  in  some  years  us 
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luaDy  as  tiOQi)  young  birds  "  being  taken,  "  being  mora  Uun 
double  the  number  which  are  got  from  the  Bus  Rock  in  the 
Firth  of  Forth,  where  in  some  jears  not  more  than  800  ua 
obtained. "  We  only  observed  the  Gaonet  at  sea,  as  also  did 
Harrington. 

Sumaterin  nwUianma  (Linn.) — Eidur  Duck. — Very  abundant 
M  oliserved  by  all  the  parties.  Rarrington  has  the  note, 
"  VL-ry  few  male  birda  obsen'ed."  This  species  has  spread 
and  increased  marvellously  throughout  the  Outer  Hebrides 
within  our  recollection,  and  we  hope  at  another  opportunity 
to  trace  its  steps  of  advance  more  minutely,  dating  back  for 
IX  coriHiderahle  number  of  years. 

KlU-OKDB  OP   IlABtTtra   EXHIBITED  OX   REPORTED  TO  THE  ROTAL 

PuvuicAL  SociETV  OP  Edinbvrou  IN  I88A. 
(Cniitinanl  rniin  Vol.  VIII.,  pj..  Wt,  490.) 
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NOTES  AND  BEMAAK8. 
No.  12. 

If  along  with  other  species,  mention  the  naniM  of  the  latter 
ba«:— Stormy  Potrols,  SiakinH,  Rtd.i tails,  Wlieatcars,  and  l'i|iitii  ("Mo«a- 
cboepert  "). 

Destination  of  Specimen.— Win^a  suJ  tail  neat  for'iiluntmcatiou.— 
J.  A.  H.-B. 

Recorded  in  Ihii  Volume  (IX.,  j^  208)  of  Proc.  Koy.  Pkys.  Sac.,  1S85-8B. 

Footnote. —Remarks  mar  consist  of  further  Field,  Disaectfon, 
or  Cabinet  Notes  of  Recorder. 
So.  13. 

I^rku,  a  few.  Repotted  nod  aeiit  by  Ur  Jatnea  Voungclanse,  SumburffU 
Hwd  ligbtbouse,  forniorly  lightbouae-kecper  at  Monach  Island,  where,  by  his 
BOcoiiDt  {in  iii.),  an  "  IdeDticalty  similar  bird"  a[jpcared  an  one  Oceanian 
praTionaly.     [Seo  bis  letter  of  2fitb  Se]itember  1S8S.] 

A.t  present  at  Dunipace  Uoiise.  Intended  for  the  Imlialrial  Wiuema, 
Edinbnrgh.     (Preserved  in  alcobol.) 

RccoHedin  this  Vo]nme(IX.,i>.  29S)  of  i'ro«.  Soi/.  Fk^i.  5oc,  Edinbargh. 

Identified  by  J.  A.  H,  -B.  ConRrnied  by  Profeaaor  A.  Newton,  Cambridftv. 
Rxhibited,  Eogal  Pki/inaU  Sonetj/,  Edinburgh,  17th  November  1S8S. 

No.  14. 

Was  ibot  resting  on  a  com  staok  "Never  seen  here  bofora"  {J ohm 
G[[.MotrR,  Assiatanl  Keeper). 

At  Duntpace  House  at  present. 

Becorde.1  in  this  Voluuio  [IX.,  p.  208)  of  Prae.  Soy.  PKya.  See.,  Edinburgh. 

Skin  and  feet  sent. 

Another  ii  reported  as  seen  by  the  lighthouse -keeper  at  North  Unst,  and  . 
Identified  by  him  from  Johns'  "  Britiab  Birds  in  their  Han nta,"  copies  at 
irhivb  bare  bi^en  diBtiibuted  by  the  Migration  Cumtuittod. 
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Wednesday.  Y!th  November  1886. — JOHS  A.  HAKVlE-BnowN, 
Esq.,  F.H.S.E.,  F.Z.S.,  Vice-President,  in  the  Chair. 
[Plates  XII.,  XIIL] 

The  Chairman  delivered  the  following  opening  address : 

Gentlemen, — Before  readiug  to  you  tlie  paper  which  I  present 
you  with  as  my  address,  I  wonld  shortly  refer  to  the  loss 
this  Society  has  sustained  in  one  of  its  brightest  ornaments, 
— the  late  Mr  Charles  W.  Peach, — whose  great  ability  aa 
a  naturalist,  whose  genial  character  as  a  man,  and  whose 
obliging  disposition  at  all  times,  has  won  for  him  an  enduring 
admiration.  It  is  not  my  intention  in  this  place  to  review 
a  life  which  already  is,  or  ought  to  be,  known  to  every 
Scottish  Katuralist.  It  has  been  told,  and  felicitously  told, 
by  Mr  Smiles  in  his  "  Life  of  Eobert  Dick ; "  and  in  that 
moat  interesting  volume  is  also  given  an  equally  liappy 
portrait  of  him  whom  we  now  deplore. 

I  would  also  refer  shortly  to  the  continued  prosperity  of 
our  Society,  and  the  wealth  of  scientific  matter  contained  in 
the  ProoecdiTif/a ;  to  an  increase  of  working  members,  and 
a  greater  general  interest  in  the  work,  as  new  fields  and  new 
branches  of  discovery  are  opened  up,  and  as  more  and  more 
members  are  enrolled. 

If,  in  a  Presidential  address,  I  may  be  allowed  to  suggest 
a  future  field  of  work,  which  has  not  hitherto,  perhaps,  i-e- 
TOL.  IX.  .X 
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ceived  as  iinich  share  of  attention  as  it  deserves,  I  would 
recommend  the  more  minute  and  accurate  recording  of  the 
Distribution  of  Finhes  around  our  coasts,  and  in  our  lakes  and 
streuina  ;  and  would  desire  to  see  carefully  prepared  lists  of 
species  from  each  drainage  system,  and  their  final  catchment 
basins,  in  Scotland.  Such  lists,  in  time,  could  not  fail  to  be 
of  great  interest  and  value,  scientific  and  economical,  and 
greatly  to  assist  ua  in  the  future,  in  arriving  at  coDclosioDS 
regarding  distribution  and  migration,  as  well  as  the  life- 
liistory  of  this  important  class  of  our  Vertebrates.  The 
distribution  of  fisli  at  certain  seasons  of  the  year  is  the  only 
firm  basis  on  which  to  build  up  the  truths  of  their  migrations 
from  one  place  to  another.  Once  these  facts  ai«  ascertained, 
other  interesting  discoveries  are  sure  to  follow.  Even  arti- 
ficial fish-culture  can  hardly  be  said  to  be  perfected,  or  to 
reach  further  than  its  own  circumscribed  limits,  at  least  in 
an  economical  sense,  unless  these  correlating  and  important 
facts  be  also  gathered. 

Fish- culture,  as  llsh-culture  alone,  is  still  to  a  great  degree 
experimental.  But  if  it  were  better  supported  by  accnmola- 
tioQS  of  data  and  facts  as  regards  distribution  (say  of  other 
inimical  species),  and  as  regards  the  migrations  and  food- 
supply   of  each   and   all   species,  evcrytliing  experimental 


I  of  the  Isle  of  May  purtjly  from  an  ornitliological  point 
of  view,  under  the  title — 

"The  Isle  of  Ma.y;1 
Its  Faitnal  Position  and  Bird  fjife." 

1st,  lu  the  following  pajrer  it  is  my  desire  to  describe  the 
Isle  of  May  purely  in  its  relationship  to  its  faunal 
position,  and  as  regards  its  importance  as  a  halting- 
place  or  beacon-light  in  the  path  of  the  bi-annual 
routes  of  migration  of  birds  to  and  from  the  continent 
of  Europe  in  spring  and  autumn ;  a  position  which  it 
holds  in  common  with  many  other  localities  to  the 
southwards  along  the  K.  English  coasts,  but  with  very 
few,  indeed  only  two,  other  stations,  viz.,  Bell  Uock 
to  the  northward  on  the  Fife  coast,  and  I'entland 
Skerries  in  the  Pentland  Firth,  between  the  Orkney 
Islands  and  the  Caithness  coast;  although  a  third  very 
important  path  is  not  guarded  by  a  beacon — viz.,  the 
line  of  the  great  Moray  Firth  Migration.  In  order  to  do 
this,  it  is  necessary  to  allude  to  the  relative  positions  of 
certain  lands  at  present  separated  from  the  Isle  of  May 
by  ocean,  but  formerly  joined  to  it  by  laud,  which 
latter,  though  now  submerged,  waa  continuous  with 
Europe,  and  I'eached  out  into  the  North  Sea  to  what  is 
now  known  as  Tke  hundred-fathom  line,  I  do  not  enter 
upon  this  description  with  the  intention  of  theorising 
regarding  migration  on  the  same  standard  as  Herr 
Weissman  did  in  his  well-known  paper  in  the  Con- 
temporary  Beview,  although  I  am  far  from  scoffiug  at 
the  theory  he  promulgated ;  but  I  do  so  iu  order  to 
detine  both  the  past  and  the  present  fauual  position 
and  importance  of  the  Isle  of  May,  and  simply  to 
state  broad  facts  known  to  our  scientists. 
2d,  It  is  also  necessary,  for  a  clearer  perception  of  the 
present  faunal  value  of  this  position,  to  give,  as 
shortly  as  possible,  some  at  least  of  the  now  un- 
>  From  tho  Giiolic  SUcan  .Vutr'i,— lUn  Elngliab  iutcqirtiUtian  iii«aiiiiig  the 
Qwid  bla.— A.  Carmiohabu 
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doubted  facts  regnrding  the  migrstiooB  of  birds  which, 
diiriug  the  past  few  years,  have  been  brought  to  light 
aod  eataltliahcd  by  statistics  collected  for  the  Migra- 
tion Committee  of  the  Britisli  Association. 

All,  I  will  also  descrilje  the  present  aspect,  surface,  and 
general  physical  <,rG<jgraphy  of  the  Isle  of  May  as  it 
1ms  beeu  oacertatucil  by  personal  inspection  on  more 
tliaii  one  occasion,  one  of  which,  duriug  part  of  the 
autumn  u%'nitiuu  of  1884 — viz.,  in  September  and 
October — extended  over  tliree  weeks  and  three  days, 
and  other  visits  wliicli  were  taken  advantage  of  during 
the  breodin;^  season  of  the  summer  visitants. 

tth,  I  will  treat  of  the  actual  bird-life  of  the  island,  care- 
fully re-editing  what  was  previously  known  of  its 
binl-Iifc,  and  condvusing  the  reconls  of  its  passing 
migrants  during  these  years  in  which  the  aforesaid 
Migration  Coniniittee  has  been  at  work;  and  I  will 
rend  the  intnxlnctory  portion  of  this  fourtli  diviaiou 
of  my  i>upcr,  and  notes  upon  the  siieciea  which  are 
fomiil  breoding  on  the  island.' 

Lnxthj,  We  consider  that  the  time  at  which  we  desire  to 
give  t)ic  afurL'said  itarticulars  of  the  Isle  of  May  is 


of  the  Comiuittiue.  Meaiiwhile,  we  consider  it  a 
privilege  to  be  the  recorder  of  a  considerable  portion 
of  the  results — brought  up  to  the  date  of  the  present 
time — of  the  able  and  careful  work  of  Mr  Aguew. 
The  Eighth  Report  of  our  Committee  will  contain  the 
last  year  of  Mr  Agnew's  observations  at  the  Isle  of 
May. 


Taking,  then,  these  several  headings  in  theii-  consecutive 
order,  I  will  first  apeak  of  the  island  of  Heligoland  and  tlie 
continent  of  Europe  in  their  relationship  to  Great  Britain 
and  the  Isle  of  May  and  to  migrational  phenomena. 

1.  Heligoland  is  a  steep,  bold,  red  sandstone  rock,  with  level 
surface  and  precipitous  sides,  and  is  clothed  over  the  larger 
portion  of  its  summit  by  stretches  of  potato-lands  belonging 
to  the  inhabitants,  It  rises  from  a  great  expanse  of  shallow 
sea  and  sandbank  opposite  the  mouth  of  the  River  Elbe,  and 
is  some  46  miles  N.W.  of  the  mouths  of  the  Elbe  and  the 
Weset  Rivers.  It  is  in  Lat.  54°  11'  N.,  and  Long.  8'  14'  E. 
(Compare,  for  purposes  to  be  explained  further  on,  its  posi- 
tions in  latitude  and  longitude  with  those  of  the  Isle  of  May.) 

Undoubtedly,  at  a  remote  period — yet  a  comparatively 
recent  one  in  geological  time — Heligoland  was  united  with 
the  adjacent  continent  of  Europe,  and  also  with  the  further- 
off  Isles  of  Great  Britain,  and  with  the  now  submerged 
Dogger  Fishing  Banks  in  the  German  Sea,  which  are  at  the 
present  time  about  9  to  15  fathoms  beneath  the  surface  of 
the  ocean.  The  Hundred-Fathom  Line  encircling  Great 
Britain,  or  rather  forming  it  into  a  great  N.W.  peninsula  of 
ancient  Europe,  clearly  shows  this.  This  great  N.W.  penin- 
sula, which  included  Great  Britain  and  Ireland,  and  the 
lesser  isles  of  Shetland,  Orkney,  and  the  Hebrides,  extended, 
at  its  apex,  to  a  position  in  degrees  of  latitude  opposite  to 
the  coast  of  Norway,  in  about  Lat.  61°  N.,  or  the  latitude  of 
Bergen,  and  was  joined  to  the  continent  at  the  northern 
extremity  of  Jutland ;  and  reached  down  and  ontside  the 
British  Isles  to  a  considerable  distance  S.  W.  of  the  Land's-End 
in  Uornwail,  and  approached  again  the  French  coast  at  Cape 
Finisterre,  and  finally  continued  along  tiie  W,  coast  of  Franco 
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to  Spain,  where,  however,  the  sea  rapidly  deepens  close  oET 
shore. 

A  reference  to  the  Admiralty  charts  of  the  North  Sea  and 
British  seas  will  satisfy,  I  believe,  inqairers  in  the  above 
directions ;  or,  if  a  study  of  these  entails  too  much  labour,  a 
glance  at  a  map,  reduced  from  the  same,  "of  the  N.W.  portion 
of  the  European  Continent  during  the  earlier  part  of  the 
Glacial  Period,  showing  the  land  area  produced  by  an  uprise 
of  600  feet  above  the  present  lea-level,  Snowdon  being 
then  5200  feet  high"  (which  map  is  contained — as  also  are 
the  above  words  I  quote — in  I'rofessor  Rupert  Jones'  "  Lec- 
ture on  tho  Antiquity  of  Man,"  Van  Voorst,  1887),  will 
suffice  to  further  explain  what  I  have  said.  To  Uiis  part,  I 
have  only  to  add,  that  a  glance  at  the  same  map  will  flhow 
tliat,  between  the  extended  line  of  the  100  fathoms'  depth 
and  the  coast  of  Scandinavia  a  deep  trough  occurred,  which 
separated  the  peninsula  of  ancient  Europe  from  Scandinavia, 
and  into  whicli  all  eastward-  and  northward-flowing  rivers 
from  the  peninsula  debouched.  The  soundings  of  tbe  Ad- 
miralty sufficiently  localise  the  positions  of  these  ancient 
river-beds,  even  in  later  yeare. 

Tossing  from  Heligoland  and  the  Continent  now  to  the 
Isle  of  May,  I  desire  to  emphasize  its  relation  to  the  former. 
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iieclioii  witli  our  previous  remarks,  undoubtedly  assist  us  iu 
fixing  the  fauna!  value  of  the  position  of  the  Isle  of  May, 
and  indicate,  in  ^  very  couaiderable  measure,  its  importance. 
It  has  been  ascertained,  with  regard  to  the  migrations  of 
land-birds  across  the  North  Sea  and  concerning  the  areas 
which  they  cover  in  certain  winds — whether  these  winds  aid 
or  impede  their  flight — that  certain  fixed  laws  exist  beyojid 
reasonable  doubt  of  contradiction.  It  is  not  my  intention  to 
speak  of  all  these  laws  in  detail,  but  only  to  show,  so  far  as 
I  can,  the  distinct  and  direct  bearing  of  some  of  these  laws 
upon  the  migratory  fauna  of  the  Isle  of  May, 

The  first  axiom  I  may  state  is :  (a.)  The  line  of  the  autumn 
migration  of  land-birds  across  the  Nortli  Sea  invariably  takes 
place  from  easterly  directions  to  westerly  ones,  or  from 
directions  south  of  east  to  north  of  west.  This  great  autumn 
movement  is  influenced  from  year  to  j-ear  by  the  prevailing 
winds,  which  may.  in  some  measure,  retard  or  hasten  on  the 
movement,  according  to  its  strength,  exact  extent  of  area, 
direction,  and  duration.  At  Heligoland,  however,  influence 
of  the  wind  seems  to  be  less  exerted,  as  migrants  cross  from 
E.  to  W.,  or  thereby,  over  that  island  with  marvellous 
regularity  of  dates  and  direction. 

Another  axiom  is :  (i.)  Birds  prefer  to  travel  with  a  beam 
wind,  that  is,  with  a  wind  from  two  to  four  points,  according 
to  strength  of  wind,  against  their  line  of  flight ;  because  this 
wind  smoothes  down  their  plumage  and  keeps  it  close  to  the 
body,  and  enables  them  to  use  their  tails  as  rudders,  Bui 
birds  do  not  willingly  migrate  with  a  following  wind,  or  start 
upon  a  journey  with  a  following  wind,  as  such  destroys  their 
equilibrium  and  rulfles  up  their  plumage,  and  renders  it 
vastly  more  difficult  for  them  to  steer  their  course.  But  yet 
it  often  happens  that,  caught  unawares  in  the  most  unfavour- 
able winds  and  weather,  many  thousands  of  land-birds  are 
carried  helplessly  away  miles  out  of  their  intended  course, 
and  drowned  Imndreds,  even  thousands,  of  miles  out  iu  the 
Atlantic, 

A  third  axiom  is:  (c.)  Should  N.W.  winds  prevail  in 
autumn  upon  our  east  coasts,  or  westerly  winds,  or  oven 
south-westerly  winds,  normal  migration  euanes.      Such  aiis 
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the  normal  conditions  of  our  Western  Isles  and  their  mete- 
orology. But  should  easterly  winds  prevail  in  autumn,  or 
south-easterly,  abnormal  results  are  sure  to  follow,  east  winds 
being  abnormal  at  that  season. 

The  wave  of  bird-migration  in  our  reports  has  been  Ukeaed 
to  a /an.  The  normal  lines  of  flight  we  have  seen  are  K  to 
W.,  or  south  of  £.  to  north  of  W. ;  but  if  the  wind  be  northerly, 
or  north  of  W.,  the  effect  is  to  press  down  to  a  great  extent 
the  rays  of  the  fan,  or  cause  what,  in  oar  reports,  has  been 
termed  a  dose  fan  of  migration.  Accordingly  to  the  extant 
of  strength  and  northering  of  westerly  winds  will  the  doamen 
of  the  fan  be. 

If,  on  the  other  hand,  easterly  winds  prevail,  following, 
overtaking  the  migrants,  according  to  the  extent  of  its 
southering  and  strength  will  the  opening  out  of  the  wave  or 
fan  of  migration  be,  causing  what  we  call  aii  open  fan  of 
migration.  If  a  succession  of  easterly  gales  takes  pla6e, 
thousands  of  migrants  are  carried  away  over  the  Atlantic 
and  drowned  in  the  ocean ;  but  if  a  succession  of  KW.  gales 
occar  nt  the  same  season,  the  Hights  of  migrants  are  beaten 
down,  compressed,  and  obliged  to  fly  low  over  their  routea. 
If,  again,  light  westerly  winds  prevail,  migrants  travel  easiest, 
reach  furthest,  feel  least  exhausted,  and   normally  extend 
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recognised  througli  a  powerful  telescope  at  an  elevation  of 
ymir  miles !  passing  the  disc  of  the  moon,  on  a  clear  star-lit 
night ;  and  even  the  species  was  recognised, — if  I  remember 
aright,  the  Curlew  (Ifuvifnivs  arquata). 

(e.)  Birds  in  passage  over  Heligoland  have  often  been  ob- 
served by  the  veterau  ornithologist  of  that  island — Herr 
Gaetke  (than  whom,  I  presume,  no  man  in  Europe  knows 
more  of  his  subject) — to  pass  for  hours  and  hours  of  dayliglit, 
in  uninterrupted  fiights.  high  overhead,  from  E.  toW.  Tlien, 
with  one  of  these  sudden  changes  of  temperature  peculiar, 
possibly  {?),  to  the  North  Sea  and  British  coasts,  a  dense  fog, 
a  Scotch  mist,  a  Danish  "  haar,"  quickly  covers  sea  and  laud 
as  night  sets  in.  Almost  simultaneously  with  it  come 
rnyriads  and  legions  of  migrants,  lured  by  the  intense  white 
rays  of  the  lighthouse.  Herr  Gaetke  says:  "A  rapid  de- 
scent from  the  higher  altitudes,  at  which  previously  they 
were  travelling,  takes  place,  because,  mist  or  fog  beneath 
blotting  out  their  bird's-eye  landmarks,  yet  indicate  resting- 
places  and  LAKD  in  the  midst  of  ocean."  Wliat  does  this 
prove  T  That  in  clear,  bright  weather — even  at  vast  altitudes 
— the  birds'  vision  maps  out  beneath  them  vast  tracts  of  land 
and  ocean,  by  which  visual  guidance  tliey  proceed  ;  but  that 
when  haze  and  mist  obscure  and  blot  out  the  land  and  sea 
beneath  them,  a  sudden  descent  takes  place  in  search  of  these 
blotted-out  landmarks;  and  the  vivid  rays  of  lightliouses 
and  lightships  lure  them  in  multitudes,  to  rest,  or  to  destruc- 
tion !  Even  our  modern  balloonist  knows  that  earth — viewed 
from  heaven,  as  it  were — is  a  vast  bird's-eye  view.  If  a 
mariner,  from  his  crow's-nest  on  his  mast-head,  can  see  twelve 
to  fifteen  miles  of  distance  between  bis  ship  and  the  horizon, 
tell  me  how  many  more  miles  will  a  bird  see  at  an  elevation 
of  four  miles'  altitude  1  To  what  extent  the  power  of  vision 
of  many  birds  amounts  to  must  remain  still  undefined ;  but 
it  may  yet  be  discovered  to  be  so  intense  as  greatly  to  relieve 
students  of  migration  of  one  of  their  chief  and  most  intricate 
and  difBcult  subjects,  by  accounting,  in  part  at  least,  for  one 
of  the  more  obscure  plienomena. 

One  other  point  we  will  mention  here,  which  we  consider 
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is  brougltt  out  by  our  Bcports,  and  tliat  is  aa  follows;  uid 
which  we  believe  may  be  stated  as  an  axiom. 

(t.)  Whilst  all  along  the  eaatern  seaboard  of  Engluid, 
which  for  the  greater  part  of  its  extent  is  low-lying,  vut 
fliglits  of  Larks,  and  many  other  species  of  migrants,  flow 
on  over  tlie  land  in  uninterrupted  waves ;  on  our  Scot- 
tish east  coast  the  waves  of  the  migration  are  more  oom- 
pressed,  and  ilow  in  narrowed  company  up  the  depresaiona, 
which  are  niorfi  laarked  in  a  mountainous  country,  or  on  a 
rock-bound  shore.  It  is  tliua  that  points  of  special  vantage 
for  an  observer  are  supplied  by  such  stations  as  tlie  Isle  of 
Itlay  and  Hell  Itock  at  the  entrance  of  the  Firtli  of  Forth, 
and  Pentland  Skerries  at  the  eastern  end  of  the  Pentland 
Firtb.  AVe  have,  in  our  last  Keport  (copy  of  which  I  lay  on 
the  table),  pp.  6-9,  spoken  at  some  length  regarding  the 
action  of  flights  of  birds  on  appi-oaching  high  eea-clifb,  such 
as  those  of  St  Abb's  Head,  and  tlie  greater  part  of  obt  Scot- 
tish coast ;  and  perhaps  I  may  be  allowed  ahottly  to  qnote  a 
passage  which  will  explain  out  views  on  this  subject : 

"  Birds  in  nonnal  iiiigration  against  a  beam  wind  fly  low, 
and  on  reaching  low-lying  seaboard  pass  on  inland  without 
resting.  Itut  on  approaching  high  land,  say  200  or  300  feet 
in  height,  while  at  night  the  greatest  darkness  ia  ahead  of 
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above  sea-level.  But  the  primary  reason  why  they  do  not 
come  within  the  influence  is  because  they  do  not,  In  normal 
migration,  rise  high  enough  to  come  opposite  these  central 
rays. 

The  above  remarks  apply  equally  at  the  several  principal 
points  where  great  concentration  of  the  migrants  takes  place. 
Applying  them  more  directly  to  the  Firth  of  Forth  we  would 
state  it  thus:  "While  comparatively  few  birds  liy  across 
the  cliff-edges  of  Berwickshire,  but  pour  in  vast  streams  up 
the  open  Firth,  at  the  same  time,  iu  easterly  winds,  especially 
if  high,  birds  are  often  borne  numerously  over  the  tops.  In 
normal  westerly  winds,  however,  migrants  which  pour  up 
this  great  channel  throw  off  their  thousands  out  of  their  tens 
of  thousands  wherever  the  lower-lying  shores  are  arrived  at 
inside  of  the  Firth,  and  the  'return'  in  Spring  is  equally 
apparent."  Thus  the  interior  of  Scotland,  south  of  the  Firth 
of  Forth,  is  mainly  populated  by  migrants  in  Autumn  via 
the  Firth  of  Forth ;  detachments,  liowever,  entering  the 
country  at  Berwick,  and  probably  smaller  detachments  at 
the  mouth  of  the  Haddingtonshire  Tyue.  Hence  is  it  that 
we  find  the  south  shore  of  the  Fiith  of  Forth  populated  by 
antnmnal  flocks  of  waders,  and  by  the  return,  but  smaller, 
flocks  in  Spring.  We  look  upon  the  Isle  of  May  as  the 
northern  extension,  along  witli,  probably.  Bell  Eock  and  the 
Tay.  and  a  portion  of  the  Forfarshire  coast,  of  the  waves 
which  cross  from  the  direction  of  Heligoland.  We  do  not 
look  upon  these  statements  as  theoretical  now,  but  as  almost 
proven  in  their  general  accuracy ;  any  occurrences  to  the 
contrary  being  the  exceptions  which  prove  the  rule. 

Beyond  the  above  remarks  I  do  not  purpose  venturing  very 
far  here,  though  there  are  more  abstruse  questions  which  are 
forced  upon  the  students  of  migration.  We  will  merely  in- 
dicate these.  There  are  curious  facts  concerning  tlie  early 
advent  on  our  shores  of  the  young  of  the  year,  of  many 
species,  as  compared  with  the  later  advent  of  the  adults, 
which  are  still  veiled  in  comparative  obscurity.  There  are 
questions  of  Extension  of  raiuje  of  species  dependent  upon 
abnormal  seasons  of  migration,  which  are  slill  somewhat 
intricate  and  uncertain,  but  concerning  which,  tlie  correct 
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arrangement  of  very  considerable  data  are,  to  our  mind, 
already  within  actual  grasp.  In  concluding  tliis  part  of  my 
address,  I  will  only  further  quote  a  few  sentences  of  Dr 
Andrew  "Wilson,  Dr  Carjiciiter,  and  Sir  John  Lubbock,  and 
endeavour  to  place  upon  some  sort  of  footing  the  present 
state  of  knowledge — or  of  hypothesis — regarding  the  former 
of  these  phenomena,  which  may,  and  doubtless  will,  act  as  a 
clue  to  others  who  arc  specially  interested  in  the  subject : — 

l)r  Andrew  Wilson  said :  "  We  know  too  little  respecting 
the  so-called  '  automatic '  powers  and  ways,  even  of  higher 
animal?,  to  dogmatise  regarding  the  acts  of  lower  animals ; 
but  we  may  safely  assume  that  one  apparent  ground  of  dis- 
tiuction  between  instinct  and  reason  may  be  found  in  the 
common  incomi)cti'nce  of  instinct  to  movn  out  of  the  beaten 
track  of  existence,  and  in  the  adaptation  of  I'euson,  througli 
the  teachings  of  experience,  to  new  and  unwonted  circum- 
stances." 

.  .  .  "The  highest  instinctive  powers,"  says  Dr  Carpenter, 
"  when  carefully  examined,  are  found  to  consist  entirely  in 
movements  of  the  excito-wotor  and  Knswi-viotor  kinds  (i.ft, 
by  impressions  made  on  nervous  centres,  but  without  any 
necessary  emotion,  reason,  or  consciousness)." 

Again,  saya  Dr  A.  Wilson,  quoting  Sir  John  Lubbock : 


oat  the  world  beneath  them;  fog  makes  tlieni  descend  to 
lower  altitudes,  as  do  certain  currents  of  air ;  fog  too  often 
separates  single  weary  travellers  from  the  main  bodies  of 
migrants ;  and  thus  the  only  "  tuition,"  or  "  example,"  is  often 
removed  from  them;  and  no  "consciousness/'  or  "reason," 
steps  in  to  fill  the  breach,  at  least  in  thu  case  of  young  birds 
In  the  case  of  old  birds,  that  have  travelled  the  old  groove 
once,  or  many  times  before,  should  they,  in  dark  and  misty 
nights,  be  separated  from  the  flocks, "  experience "  steps  iu 
to  set  them  right  again.  Hence  it  is  that  we  find  wanderers, 
and  rare  Eastern  species,  which  occasionally  are  found  upon 
our  insular  area,  are  for  the  most  part  young  birds,  more  apt 
to  stray  from  weaker  powers  of  flight,  and  less  apt  soou  to 
recover  their  lost  tracks.  In  the  case  of  adults,  of  rare  and 
exceptional  occnn'ence,  we  are  inclined  to  believe  that  such 
are  frequently  found  to  be  of  species  whose  habitat  ia  far  far 
removed  from  the  locality  of  their  occurrence;  and  that 
whirled  up  in  some  cyclone,  or  terrible  and  resistless  gale, 
and  borne  onward  in  blinding  mist  upon  an  erratic  course, 
are  finally  dashed  down,  or  forced  to  shelter,  where  they  have 
never  been  forced  to  shelter  (individually)  before,  perhaps 
thousands  of  miles  north  or  west  of  their  breeding  or  migra- 
tory range.  It  would  he  interesting  to  know  kow  could  such 
birds  as  tliese  return,  if  they  do  return  at  all.  If  the  gale 
occurred  in  clear  bright  weather,  the  great  power  of  sight, 
and  distinct  retention  of  impression  upon  the  nervous  centres 
(we  will  not  call  it  "reasoning  memory"),  would  probably 
unerringly  giiide  them  back  again.  But  if  the  gale  occurred 
in  miat  and  darkness,  which  sense  would  then  invariably 
direct  their  return  flight — the  warmth  of  the  sun,  tempera- 
ture, or  what !  or  would  great  circular  journeys  be  undertaken 
high  in  air,  until  some  well  impressed  object  meets  the  eye, 
and  then,  like  the  arrow-flight  of  the  Carrier  pigeon,  lead  it 
from  stepping-stone  to  stepping-stone  on  this  marvellous 
return  journey,  which,  however,  very  many  indeed  never 
accomplish  7  I  could  extend  this  portion  of  the  paper,  but 
refrain,  lest  in  the  haze  and  'still  mystified  courses  of  our 
snbject  I  lose  sight  of  our  "  Island  of  The  May." 

To  sum  up,— We  can  now  see  that  the  Isle  of  May  is  in 
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the  direct  track  of  iDigniita,  and  a  very  short  distance  north 
of  the  parallel  of  latitude  of  Heligoland.  The  distance  to 
the  westward  being  consideralile,  it  is  the  more  easily  onder- 
stood  why  certain  species  which  cross  over  Heligoland  do 
not,  or  only  very  rarely  do,  reach  either  the  lale  of  May  or  the 
east  English  coasts,  but  make  their  turning-point  somewhere 
about  Heligoland,  and  probably  follow  the  old  sobmeiged, 
and  the  presently  elevated  valley  of  the  Rhine,  of  which 
formerly  all  the  rivers  of  England,  south  of  Spnm  Point  and 
the  Dc^^r  Bank,  were  tributaries  before  the  submergenoe 
took  place,  as  well  as  all  the  rivers  of  Belgium,  Holland,  and 
Prussia  flowing  northwards.  The  Isle  of  May  appears  to  me 
to  be  the  northern  limit  (along  with  the  Bell  Rock  and  part 
of  the  Forfar  coast)  of  the  influence  of  migratory  waves 
which  cross  Heligoland.  Beenuae  in  northerly  and  westerly 
winds  migration  at  Isle  of  May  is  represented  by  a  "  closed 
fan,"  and  by  throbs  and  rushes ;  whereas,  south  of  Spurn 
Point,  the  whole  English  coast  is  visited  equally,  whether 
the  wind  is  a  little  northerly  or  not.  Of  course,  much 
heavier  retnms  occur  with  S.E.  winds  at  all  east  coast 
Btatione.  The  migratory  wnves  observed  at  Pentland  Skerries 
we  consider  are  Twt  closely  connected  with  the  waves  of  those 
observed  at  Heligoland  and  Isle  of  May,  but  I  shall  not  en- 
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stands  the  old  beacon  tower,  now  adapted  for  the  conveniences 
of  day-and-night-shelter  for  the  pilots  who  make  use  of  the 
central  position  of  the  Isle  of  May  to  watcU  the  approach 
of  inward-bouud  trading  vessels,  and  which  is  now  more 
generally  known  as  The  Pilot  House.  It  is  a  rectilinear 
whitewashed  block  of  masonry,  some  thirty  feet  square,  or 
thereby,  with  a  flat  roof,  upon  which,  in  former  times,  the 
beacon-fires  were  kept  constantly  burning. 

By  following  a  narrow,  trimly-kept,  pathway  towards  the 
N.E.,  and  descending  to  a  level  of  about  55  feet  above  the 
sea,  one  reaches  the  low  lighthouse,  which  serves,  in  combi- 
nation with  the  higher  lantern,  to  warn  mariners  of  the 
position  of  the  dangerous  Carr  Rock,  which  lies  off  Fife  Ness, 
and  is  barely  uncovered  at  low  tide,  extending,  as  I  am  in- 
formed by  Mr  J,  Rattray,  to  about  72  feet  in  length  by  23 
feet  in  breadth.' 

Below  the  lighthouse,  to  the  S.W.,  is  a  cove  or  indenta- 
tion in  the  otherwise  almost  uninterrupted  clitf,  known  as 
the  Mill  Door,  and  above  the  Mill  Door,  and  at  an  elevation 
of  about  50  feet,  is  a  partly  artificial  lake  or  dam  of  brackish 
and  intensely  green  water,  6  or  8  chains  in  length,  charged 
with  innumerable  conferva;.  It  is  abundantly  inhabited  by 
eels,  in  tlie  same  way  that  I  have  found  other  lakes  in  similar 
positions  on  islands  of  the  west  coast.  I  failed  to  discover 
if  it  contains  any  three-spined  Stickle-backs,  or  other  fish. 
This  lake  lies  between  precipitous  banks,  nearly  100  feet  in 
height ;  iliat  on  the  west  side  broken,  and  clothed  in  luxuri- 
ant patches  of  sea-pink  and  other  insular  vegetation;  but 
that  on  the  east  side  much  barer  and  stonier.  This  is  a 
favourite  valley  for  bird-migrants,  owing  to  its  sheltered 
position  in  easterly  winds, 

Close  to  the  lake,  and  a  few  feet  higher,  in  fact  placed 
upon  the  waterehed  between  R  and  W.,  stand  the  farm- 
buildings,  byres,  barn,  and  other  works  connected  with  the 
lighthouse  service,  -where  motive-power  and  machinery  has, 
since  this  was  written,  been  established  for  lighting  up  the 
lantern  by  electricity.  It  remains  to  be  seen  what  effect  this 
change  will  have  upon  the  migration  of  birds. 

>  r^iiv  LigliUioiwp  wns  built  in  18U,  "  Key  of  Firth  of  Forth,"  p.  23. 
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To  the  south  of  the  fami  buildings,  and  sloping  giadaallj 
southwards,  is  a  continuous  chain  of  cultivated  fields  occu- 
pying a  narrow  hollow.  These,  along  with  two  gardens, 
enclosed  by  high  stone  walls  to  protect  the  produce  from 
the  salt  sea-brine,  which  sometimes  sweeps  over  the  whole 
breadth  of  the  island,  are  worked  and  cropped  by  the  men 
upon  the  lightliouse  stafT. 

About  the  centre  of  tliia  belt  of  fields,  which  is  also  sur- 
rounded on  all  sides  with  solid  stone  walls,  are  the  mina  of 
the  old  Chapel  and  Priory  of  the  Isle  of  May,'  amongst  the 
broken  walls  and  crevices  of  which  the  Blackbird  and  the 
Thrush  breed  annually.  Oiitsido  the  extreme  south  wall, 
and  close  above  the  sea,  is  the  Ladies'  Cave  and  Well,  and  other 
caverns  on  the  S,W.  aide,  formerly  the  reputed  haunt  of 
water  kelpies  and  smugglers  (sw  "  Key  of  Firth  of  Forth," 
pp.  27,  29). 

Besides  afTording  a  certain  amount  of  garden  and  agricul- 
tural land, — which,  however,  as  I  liave  said,  is  carefully 
protected  by  high  stone  walls, — the  Isle  of  May  affords 
abundant  and  sweet  pastun^e  for  some  sixty  sheep — when 
fully  stocked — and  six  cows,  the  projierty  of  the  three  light- 
house-keepers who  form  the  staff,  besides  a  Clydesdale  horse 
and  three  very  purely  bred  donkeys,  the  property  of  the 
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Altarstones,"  the  latter  at  the  Kirkliaveu  uear  the  old  Chapel 
and  Priory.  Close  to  the  latter  ia  a  well  contaiuiiig  tlio 
only  potable  water  on  the  island,  though  it  is  slightly 
saline.  Hain-water  ia  caught  in  tanks  off  the  lighthouse 
buildings,  but  the  drinking  and  full  supply  uf  water  ia 
brought  over  from  Crail  on  the  Fife  coaat  in  breakers,  and 
stored  in  other  tanks. 

In  connection  with  the  position  of  the  Isle  of  May  and  its 
fauual  representation,  1  will  now,  in  as  few  words  as  possible 
describe  certain  characteristics  of  the  lighthouse,  which  come 
to  be  considered,  copying  from  my  journal  written  on  the 
spot.  Without  describing  the  lighthouse  in  detail,  whiuh  is 
unnecessary  here,  and  which  can  be  found  in  the  fullest 
particulars  elsewhere,  I  wish  to  note  the  following  observation, 
the  usefulness  of  which  was  often  demonstrated  when  we 
wished  to  know  "  how  the  wind  blew  " : 

"  The  outside  of  the  lantern-room  is  surrounded  by  a  solid 
stone  balcony.  The  lantern-room,  both  in  external  and  in- 
ternal arrangement,  is  sixteen-sided.  Thus :  four  sides  face  due 
N.,  S.,  R,  and  W. ;  four  more  aides  face  due  N.E.,  S.E..  N.W., 
and  N.E.;  yet  four  other  aides  face  N.N.E.,  S.S.E.,  KN.W., 
and  S.S.W. ;  and  the  remaining  four  E.N.E..  E.3,E.,  W.KW., 
and  W-S-W. — %.e.,  sixteen  diatinct  points  of  the  compass. 
Piercing  these  sixteen  sides  and  entering  the  lantern-room, 
are  fifteen  round  ventilators  and  the  balcony  door,  any  of 
which  can  be  opened  or  shut  for  ventilation  by  the  keeper  on 
watch,  according  to  the  wind.  Outside  on  the  balcony,  by 
standing  with  one's  back  to  the  lee-side,  the  direction  of  the 
wind  can  be  accnrat^ly  ascertained,  the  greater  pressures  being 
right  and  left  of  the  sixteenth  side,  which  ia  M08T  sheltered ; 
and  even  in  very  high  winds  this  can  with  accuracy  be  fixed." 
The  accompanying  diagram  on  next  page  will  perhaps  assist  in 
explaining  my  meaning.  (For  an  illustration  of  the  above,  see 
under  the  species,*  Gold-created  wren,  in  the  list  of  species.) 

Further,  in  connection  with  the  faiinal  position  of  the  Isle 
of  May  and  the  conditions  of  its  migratory  fauna,  the  addi- 
tional note   seems   valuable,  viz. :   that  "  The   North    Star, 

'  Wliich  liat  it  U  iiitemleil  will  be  givon  in  a  futuro  pnifr.  nnO  wlii.'-li  «a» 
nad  at  the  menting  of  tlm  Society  held  on  llie  l&tli  Decfiiilwi  1883. 
VOL.  !X.  V 
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above  the  two  outer  pointers  of  the  Plongh  on  a  atarrjr 
uight  about  the  middle  of  October,  and  the  light  of  the 
lantern  of  the  lower  lighthouse,  coincide,  and  are  about  due 
magnetic  north."  ^  Further:  "The  village  of  Crail  on  the 
Fife  coast,  and  the  east  wall  of  the  lighthouse,  line  together, 
as  nearly  as  possible — and  probably  exactly — due  north  and 
south.     Bell  Itock  Lighthouse  is  visible  from  the  North  of 
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briefly  to  notice  a  few  of  the  more  prominent  features.  This, 
along  with  the  admirable  6-inch-to-the-mile  Ordnance  Survey 
Map.  ought  to  prove  suflicient  for  practical  piii-poses. 

The  peninsular  portion  to  the  north  of  The  Pool  (vide  Map) 
and  between  that  and  The  North  Ness  is  rugged,  bare,  and 
often  spray-waahed ;  rocky,  with  deep  gj'os  or  water-channels, 
having  a  few  green  patches  of  shallow  sea-pink  soil  on  some 
of  the  higher  portions.  Often,  amongst  the  crevices  aud 
shelter-giving  hollows  of  these  splintered  and  weather-beaten 
rocks,  a  friend  and  myself  lay  ensconced,  and  took  stock 
of  Cormorant  or  Sea-ijuU,  or  passing  migrant,  such  as  the 
Hooded  crow,  or  watched  the  active  Merlin  dash,  swift  as 
thought,  amongst  a  flock  of  shore-birds.  On  this  stretch  the 
Oyatercatcher  breeds,  selecting  for  its  nesting  site  the  slightly 
grassy  eminences ;  and  Terns  are  reported  to  have  bred  in 
former  times.  Only  during  extremely  high  tides  is  this  low 
Korth-Ness  portion  separated  from  the  rest  of  the  island, 
and  never,  as  far  as  I  could  learn,  is  it  so  completely  isolated 
as  to  prevent  passage  on  foot  across  the  two  narrow  gyos  on 
either  side  of  a  small  island,  which  is  marked  on  the  map. 

Another  section  of  the  island,  between  that  which  I  have 
just  mentioned  and  the  narrow  lochs  or  arms  of  the  sea 
marked  on  the  map  as  East  and  West  Tarbet,  is  more 
elevated,  greener,  and  contains  deeper  soil.  Here  rabbits 
have  their  burrows,  and  Eider  ducks  breed  in  small  numbers. 

The  central  portion  of  the  Isle  of  May,  which  may  be  said 
to  rise  rapidly  southwards  from  the  Tarbet  lochs  past  the 
landing-place  called  "The  Altarstones,"  and  of  which  the 
lighthouse  occupies  one  of  the  two  or  three  highest  points, — 
reaching  in  altitude  250  feet  above  sea-level, — is  richer  still 
in  loam  and  grazing,  growing  many  fine  and  richly-tlavonred 
mushrooms,  of  which  delightful  esculent  we  had  daily  supplies 
the  whole  time  we  were  there  in  September  aud  October 
1884.  Over  this,  as  in  lower  portions  also.  Woodcock  at 
times  are  common,  sheltering  provokingly  close  behind  a 
jutting  rock,  or  even  beneath  the  shelter  of  the  rougher  grasses 
in  the  hollows;  and  here  rabbits  are  moat  abundant,  but 
wary  and  quick  in  their  movements. 

The  fourth,  or  most  southern  part  of  the  Isle  of  May.  is 
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suparated  by  n  deep  glen  or  hollow  from  the  lighthonse 
portion,  wliich  hollow  runs  in  a  ^.W.  and  S.E.  directioQ  from 
tlio  "  Mill  Door,"  already  mentioned,  to  the  Kirkharen.  This 
part,  at  one  place  equal  in  height  to  the  site  of  the  lighthoose, 
slopes  away  to  the  South  Ness,  running  out  to  the  cliff-edge 
with  an  elevation  of  al>out  50  feet  It  comprises  the  semi- 
urbificially-formed  and  confurvai-inhabited  lakelet,  tha  fsnu- 
buildiii^  of  the  sttition,  the  cultivated  fields  to  the  southward, 
the  well  and  pump  therewith  connected,  the  Kirkhaven,  the 
L'huiiel  and  I'riory,  tlie  Ladies'  Well  and  Cave,  tlie  curious 
inokted  rocks  called  "  Tlie  I'ilgrims,"  the  outlying  skerries  of 
the  "  Maiden's  Hair  "  and  "  Maiden's  Bed,"  and  the  east  coast 
)>ier  an<l  landing-place  of  the  island.  There  is  also  a  deep 
de])resHion,  which  runs  I'oiind  t)ie  east  side  of  the  island, 
called  on  the  nmp  "  Holynian's  Ituad,"  over  which  the  path 
which  lends  to  the  lower  lighthouse  crosses  by  a  suhstantially- 
buitt  bridge.  It  is  amongst  these  hollows  and  fields  and 
stone-walled  enclosures  that  many  land  binl.4  on  migration 
must  be  looked  for.  Often  we  saw  llocka  of  Linnets,  Larks, 
and  ThrusliGS  Kkiin  over  the  south  wall  of  Uie  cornfields,  and 
drop  fur  nlielter  in  tlie  potatoiss  or  stubbles,  or  shot  the  Jack 
or  Common  snipe  out  of  the  scanty  cover  afforded  by  tha 
<Uhris  of  ston&i  near  tbt;  old  Priory,  and  saw  the  bold  Pere- 
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One  other  feature,  wLich  scavcely  can  escape  tlie  observa- 
tiou  of  even  the  most  casual  observer,  is  the  great  number  of 
round  aea- pink-covered  mounds,  about  a  foot  in  height, 
which  cover  large  portions  of  the  island,  and  which  are  per- 
haps specially  numerous  on  the  south  portion.  Ited  ants 
are  extremely  abundant,  in  fact,  swarming  over  the  greater 
part  of  the  island,  and  these  innumerable  mounds  are  the 
aiit-hilla  thrown  up  and  inhabited  by  very  many  generations 
of  ants,  which,  fortunately  for  the  enjoyment  of  other  life  on 
The  Slay,  do  not  bite.  I  am  told  tliere  are  also  a  few  black 
ants  on  the  island,  but  in  September  and  October  we  saw 
nothing  of  these.  Turn  over  a  stone  almost  anywhere  on  the 
grassier  parts  of  the  island,  and  there  will  be  found  a  colony 
of  red  ants.  In  a  certain  period  of  time  these  loose  stones 
will  he  covered  over  with  finely  pulverised  earth,  thrown  up, 
or  rather  carried  up,  from  the  ground  by  the  busy  workers. 
Upon  this  finely  pulverised  soil  the  sea-pink  seems  fond  of 
seizing  hold,  and  most  of  the  older  hills  are  covered  with  its 
close  leafage. 

In  an  interesting  paper  on  "The  Isle  of  May,"  by  Mr  J. 
Battray,  in  the  Dvndet  Herald,  that  gentleman  tells  us  that 
experiments  had  been  tried  liy  the  Commissioners  to  extir- 
pate tlie  ants,  owing  to  the  damage,  it  was  alleged,  they  were 
doing  Ui  the  pasturage.  Quicklime,  put  deep  into  the  mounds, 
failed  to  have  any  appreciable  effect;  then  carbolic  acid, 
though  killing  many,  also  failed  signally ;  then  ammonial 
lime  was  tried  equally  ineffectually ;  lastly,  two  men  were 
steadily  employed  for  a  week  digging  into  the  ant-hills.  A 
proposal  to  rip  them  up  with  a  plough,  scatter  the  contents, 
and  throw  them  open  to  the  frost  and  rain,  was  not  followed 
out. 

The  common  Land  snail  {Helix  a»perin)  occurs,  but  not  so 
abundantly,  apparently,  aa  on  the  Baas  Rock,  and  other 
places  I  have  visited.  We  were  unable  to  find  any  other 
land-  or  fresh-water  molluscs,  but  we  had  not  proper  instru- 
ments for  examining  the  brackish  and  green,  confervae-laden 
water  of  the  lake. 

It  now  remains  for  me  to  record  the  breeding  species  of 
the  bird-faunu  of  the  Isle  of  May,  bringing  the  list  up  to 
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the  latest  dates  available.'  Future  yeare  may,  and,  I  believe, 
undoubtedly  will,  develop  many  more  interesting  data,  espe- 
cially if  we  always  obtain  the  assistance  of  such  careful, 
painstaking,  and  deeply-interested  observers  aa  Mr  Joseph 
Agnew,  late  head-lighthouse-keeper  at  the  Isle  of  May ;  and 
of  such  men  aa  Mr  Bobert  Clyne,  now  stationed  at  Isle  of 
Man,  who  has  sent  us  many  valuable  records  already  from 
that  station,  and  who  had  previously  assisted  Mr  Agnew  as 
under-keeper  at  the  Isle  of  May.  I  could  mention  many 
others,  equally  interested,  at  other  stations,  but  there  will  be, 
I  hope,  opportunities  of  treating  of  the  faunal  positions  of 
some  of  these  stations  before  long. 

I  give  a  list,  with  notes,  upon  the  birds  found  breeding  on 
the  isle  of  May. 

List  of,  and  Notes  on,  the  Biitus  pol'kd  Breeding  oh  the 
Isle  of  May. 

The  Blackbird,  Tardus  merula. — Breeds  regularly,  in 
small  numbers,  in  the  ruins  of  the  Friory,  on  the  ground,  in 
a  bunch  of  nettles,  in  the  coraers  of  walled-in  enclosures, 
and  in  holes  in  walls.  A  few  apparently  resident,  most,  if 
not  all,  of  the  year.    Many  additions  of  passing  migrants  in 
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larly,  but  cannot  be  regarded  as  resident.     AJso  a  passing 
migraat.     Is  increasing  annually  in  the  breeding  season. 

Whsatkab,  Sameola  wTianihe,  L. — Breeds  regularly  and 
abundantly.  Mr  Agnew  reckons  their  nunibei-s  at  about 
fifty  pairs  on  the  island.  Great  accessions  in  autunm,  and 
tolerably  regular  spriog  bird  of  passage,  though  in  some  years 
there  are  very  few  records. 

Meadow  Pipit,  Anlhis  prateruis,  L — Breeds  regularly, 
and  not  uncommonly.  Great  accessions  of  passing  migrants 
in  autumn,  and  also  regular  in  spring. 

Rock  Pipit,  Anthus  rupcstris,  L.— Resident  Breeds  very 
commonly  ;  perhaps  the  commonest  bird  in  the  Isle  of  May 
ftt  all  seasons.     Great  accessions  in  spring  and  autunm. 

PiKD  Waotail,  Motacilla  Yarrellii,  L — Four  or  five  pairs 
breed ;  also  a  rare  spring  visitant,  and  commoner  in  autumn. 

Common,  Grey,  or  Rose  Linnet,  Linota  cannabina  (L), — 
A  few  pairs  breed  annually,  and  there  waa  visible  increase 
in  188i     Vast  migrations  take  place. 

Hedge  Spabrow,  Accentor  modnlaris,  L. — Bred  for  the  first 
time  in  1884,  and  reared  two  broods.  I  saw  the  site  of  the 
second  nest  in  October  1884,  which  was  pointed  out  to  me 
by  the  Agnewa, 

Eider  Duck,  Somatcria  mollissima,  L. — Breeds  annually, 
but  in  annually  decreasing  numbers  owing  to  persecution.  In 
1880  we  found  an  empty  nest  one  day  in  June ;  and  a  tourist 
carried  off  a  clutch  of  eight  eggs  the  same  day,  which  he  had 
found  near  the  south  end  of  the  island.  They  bi-eed  often  at 
considerable  heights  above  the  sea,  and  distant  from  the  water. 
It  would  be  well  if  something  could  be  done  for  their  protec- 
tion, as  they  are  rapidly  becoming  scarcer  on  the  islands  of 
the  Firth  of  Forth,  There  is  one  nest  on  the  Bass  Rock 
{there  is  no  need  to  conceal  the  fact,  as  alas !  it  is  already 
too  well  known).  During  two  years  since  the  new  lighthouse 
on  Fidra  waa  commenced,  and  which  was  lighted  for  the 
first  time  in  April  1884,  they  naturally  left  that  site,  but 
have  again  returned,  as  no  guns  are  allowed  to  be  used  on 
this  island. 

Obs. — Of  the  Terns  we  saw  nothing  in  1880.  Mr  Agnew, 
who   knows  Terns  well,  says  he  never  found  any  speclea 
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breeding  on  the  Isle  of  May.  Mr  Eobert  Gray  l&tely  spoke 
of  their  existence  there,  but  it  seems  to  be  exceedingly 
doubtful  that  they  have  bred  for  years  back.  N'either  Com- 
mon, Arctic,  nor  Itoseate  terns  occur  now  (1884),  though  the 
latter  is  spoken  of  by  Mr  Gray  as  at  one  time  occurring 
there.  Indeed,  it  is  ouly  very  rarely  that  the  Isle  of  May  is 
ever  visited  by  Terns,  even  on  migration.  The  only  one  ever 
caught  at  the  lantern  was  one  in  1879,  but  they  are  of  course 
seen  out  at  sea. 

Razorbiu,,  Alca  torda,  L. — Not  very  abundant,  though  Mr 
Agnew  speaks  of  them  during  some  seasons  as  being  in 
hundreds.  I  saw  very  few  in  the  "height  of  the  season" 
in  1880.  Indeed,  there  appear  to  be  very  few  nesting  sites 
such  as  they  delight  in — few  brood  ledges,  a  few  creeks  and 
crannies  and  rents  in  the  cliff  face,  but  scarcely  likely- 
looking  to  hold  hundreds  nesting. 

Common  Guillemot,  Uria  troiU,  L. — Fairly  abundant, and 
I  believe  as  many  as  the  cliff  face  and  ledges  afford  foot-hold 
and  neatiag  sites  for.  More  numerous  than  on  the  Bass 
Bock.  I  saw  a  few,  but  very  few,  of  the  bridled  variety  in 
1880.  Mr  Clyne  shot  five  GuiHemota  at  a  sliot  one  day, 
one  of  which  was  bridled,  but  this  cannot  be  taken  aa  aa 
average. 

Ki'fTiWAKE,  liissa  tridaeli/la,  L. — Common  at  the  S.W.  a 
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or  to  have  frequented  the  island  regularly.  It  also  bred 
I'ormerly  on  the  Base  Rock. 

CoKMORANT,  Pholacrocorox  carba,  L. — A  few  pairs  breed ; 
and  they  are  common  on  tlie  Isle  of  May,  using  the  higher 
parts  of  the  cliffa  as  roosting-places,  and  fishing  in  the 
neighbourhood  all  the  year  round.  About  fifty  pairs  formed 
the  winter  colony  in  1884.  Most  abundant  in  winter. 
Movements  local  and  not  regularly  taken  note  of.  So  long 
Ago  as  1828  this  cormorancy  in  winter  v/its  taken  note  of, 
and  even  then  "a  tew"  are  noted  aa  remaining  to  breed 
(Edin.  A'ew  Phil.  Joum.,  vol  vL,  p.  190 — "  Zoology  "). 

Shao,  Phalacrocorax  e-ristatvs,  L.  —  Common  breeding 
species,  but  scarcer  in  the  autumn,  and  much  scarcer  than 
the  last-named  species  at  that  seasoa 


XXII.  Jvoteonthc  Water  I-'o/e  (Arvicola  amphibia,  ^t'tt^/w), 
By  Professor  DuMS,  Vice-President. 

(RvadietbHuchlSS?.) 

Oo  the  21st  of  April  1880  I  read  a  short  paper  to  the 
Society  on  the  Water  Vole,  in  connection  with  two  speci- 
mens which  seemed  to  present  exceptional  aspects  of  habit. 
One  of  these  had  made  a  "  run,"  and  had  thrown  up  mole- 
like "  hills  "  in  a  grass  plot  of  the  late  Eev.  Walter  Wood's 
garden,  Elie,  Fife.  The  other  had  been  trapped  in  the  garden, 
14  Hope  Terrace,  Edinburgh.  The  specimen  referred  to  in  this 
paper  was  captured  in  Dr  Bonaldson's  garden,  18  Bruntsfield 
Place,  Edinburgh,  and  handed  to  me  by  Mr  Evans,  a  felloW 
of  the  Society,  on  the  4tli  of  this  month.  The  Elie  garden 
is  near  the  shore  of  tlie  Firth  of  Forth.  Tlie  water  nearest 
Hope  Terrace  is  the  Jordan  Bum,  on  the  north  side  of  Black- 
ford Hill,  about  a  quarter  of  a  mile  distant,  and  Bruntsfield 
Place  is  about  the  same  distance  from  the  Union  Canal.  In 
each  case  the  animal  had  wandered  a  considerable  distJince 
from  its  usual  haunts,  and  taken  up  its  abode  in  places 
whence  it  could  have  no  ready  access  to  water.  The  EUe 
specimen  was  not  known  to  have  done  damage  to  any  plants 
in  the  garden.     The  contents  of  the  stomach  were  grass  root- 
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lets  and  fragments  of  clover  leaves.  The  "  runa "  of  the 
Hope  Terrace  specimen  were  among  plots  of  beetroot,  to 
which  it  had  done  mnch  damage,  and  on  which  it  had  been 
feeding.  It  was  found  that  the  vueera,  and  even  the  body 
walls  and  parts  of  the  nnder  surface  of  the  skin,  were  stained 
by  the  bright  red  juice  of  the  beet  After  lying  nearly  six 
years  in  methylated  spirit,  the  dye  continues  still  wetl 
marked.  The  Sruntsfield  Place  specimen  was  an  old  male. 
On  examination,  I  found  the  stomach  crowded  with  tiny, 
thin  shavings  of  almost  dry  wood,  and  the  intestines  filled 
with  a  clear,  lightish-brown  watery  fluid,  containing  granalar 
particles,  which,  under  the  microscope,  were  seen  to  be  fiag- 
mentfl  of  wood  fibre.  The  animal  had  been  burrowing  at 
tlie  roots  of  buslies  and  sapling  apple  trees,  and  had  de- 
stroyed several 

The  first  specimen  was  sent  to  me  in  snmmer,  the  second 
in  autumn,  and  the  third  in  spring.  The  following  passage 
from  Gilbert  White's  "  Selbome"  may  be  quoted  in  this 
connection  : — "As  a  neighbour  was  lately  ploughing  in  a 
dry  chalky  field,  far  removed  from  any  water,  he  turned  out 
a  water  rat  that  was  curiously  laid  up  in  a  hybemacnlom, 
artificially  formed  of  grass  and  leaves.  At  one  end  of  the 
burrow  lay  about  a  gallon  of  potatoes,  regularly  stored,  on 
which  it  was  to  have  aupported  itself  for  the  winter.     But 
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very  recent  date,  it  not  even  yet,  a  good 
iguoraace  prevailed  as  to  the  habits  of  the  Water  Vole,  but, 
as  corrective  of  this,  we  may  hold  the  foUowiug  points  made 
out: — 1.  This  animal  is  frequently  found  in  localities  at  a 
considerable  distance  from  water,  2,  Like  the  Mole,  it  bur- 
rows and  throws  Tip  heaps  at  short  distances  in  its  run.  3. 
It  does  not  eat  wonns,  nor  small  fishes.  4.  It  is  wholly  a 
vegetable  feeder,  and  its  food  does  not  consist  solely  of  suc- 
culent water  plants;  on  the  contrary,  it  is  known  to  eat 
potatoes,  beet,  the  leaves  of  clover,  grass  rootlets,  the  roots 
and  root  tendrils  of  shrubs,  and  of  apple,  plane,  and  oak  sap- 
lings. 5.  When  it  attacks  the  hark,  it  does  so  close  to, 
or  jiiat  below,  the  surface  of  the  soil. 

In  my  previous  paper  I  referred  to  the  black  variety  of 
Water  Vole  (Arvicola  atcr.  Macgil.)  as  at  that  time  often 
met  with  in  Aberdeenshire;  and,  on  the  authority  of  Mr 
Gray,  as  at  one  time  common  in  the  neighbourhood  of  Dun- 
bar. I  now  learn  that  in  the  former  locality  it  is  rare,  while 
in  the  latter,  a  keen  observer,  Mr  Hardy,  of  the  Berwickshire 
Katuralists'  Club,  writes  that  he  has  long  "had  a  sharp  eye 
for  black  varieties,  but  none  have  been  apparent."  In  the 
Club's  "  Proceedings,"  the  occurrence  of  three  specimens  is 
recorded,  and  in  each  instance  it  is  said,  "they  were  not  so 
large  as  the  common  Water  Vole."  The  specimen  of  the 
black  variety  on  the  table  belonged  to  my  predecessor  in  the 
Natural  Science  Chair,  New  College,  Professor  John  Fleming. 
The  label  attached  to  it,  "  Arvicola  agualica,  Aberdeen,"  is  in 
his  own  writing.  Laying  it  alongside  of  the  two  specimens 
of  the  common  form,  it  is  seen  to  be  much  larger  than  either. 
It  is  more  than  an  inch  longer  than  the  measurement  given 
by  Bell  of  the  common  sort,  and  must  have  been  in  all 
respects  larger  than  those  now  on  the  table. 
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XXIII.  The  Echinodtrmata  of  the  Firth  of  Clyde.  By  J.  R 
Hendrrson,  Esq.,  M.B.,  F.LS.,  Professor  of  Biology, 
etc.,  in  the  Christiiin  College,  Madras;  Fellow  of  the 
University  of  ifadras. 

(R<!a<1  IStli  D*ctmbcT  18M.) 

[A  manuscript,  consisting  of  notes  on  the  occurrence  of 
EcUinodennata  in  the  Firth  of  Clyde,  was  put  into  my 
hands  in  Novenil>er  1885  hy  my  friend,  Professor  J.  R, 
Henderson,  with  the  request  that  I  would  revise  the  names 
and  communicate  tlie  paper  for  him  to  this  Society.  The 
notes  were  compiled  from  observations  made  during  the 
dredging  operations  of  the  yacht  "  Medusa,"  of  the  Scottish 
Marine  Station,  in  the  estuary  of  the  Clyde,  during  the  summer 
of  1885,  and  were  supplemented  hy  information  communicated 
to  Professor  Henderson  by  other  naturalists.  Last  winter  I 
was  unable  to  finish  the  preparation  of  these  notes  for  publica- 
tion, but  have  now  revised  the  nomenclature  as  follows : — 
The  names  of  the  Crinoidea  are  those  given  by  Dr  Norman  in 
his  pa])er  "  On  the  Genera  and  Species  of  British  Echiuo- 
demrnta;"'  for  the  Ophiuroidea,  I  have  followed  Mr  W.  E. 
Hoyle's  "Itevised  List  of  British  Ophiuroidea,"  in  VoL  VIII. 
of  the  Proceedings  of  this  Society ;  for  the  Echinoidea,  I  have 
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Order  I.— CRINOIDEA. 

AuTEUON  HOSACEUS,  Noruian  (Liiick). 
Comaiuia  rosacea,  Forbes,  Brit.  StarGaliea,  1341. 
AnMon  roaaettu,  Nannau,  Ami.  and  Mag.  Nat.  EUt  (3),  xr.,  ISefi. 

Common  on  liard  ground  (10-20  fathoms)  throughout  the 
district.  EBpet'ialiy  common  off  the  south  end  of  Bute 
(Callum's  Hole  and  Hank's  Neb),  and  off  the  west  side  of 
Little  C'umbrae.     Off  Rosen eatli  Point. 

Ahtedon  Milleri,  Norman  (Muller). 

AtUedm  Uitlsri,  Kormau,  up.  eil. 
Arran  (Prof.  Wyville  Thomson). 

Order  II.— OPHIUROIDEA. 
Ophiothrix  pentaphyllum,  Ljungmann  (Pennant). 

OpSuKoma  na«la,  Forbes,  Brit.  Starf. 

,,         minula,  Forbes,  op.  HI.  (tho  young). 
Opkiolkrix  pentaphfflluia,  I^tj.,  OlveTB.  k.  Sveusk.  Akad.  Furhandl.,  1S71. 

Abundant  in  all  parts  of  the  Firth  from  low  water  down 
to  considerable  depths  on  hard  ground. 

[The  name  given  for  this  species  by  Dr  Henderson  waa 
Ophiothrix  frcufilis,  0,  F.  Muller,  with  Ophiocoma  romla, 
Forbes,  and  Ophiocoma  ntinula,  Forbes  (the  young),  as  syno- 
nyms. Thus  Dr  Henderson,  like  Forbes  and  Norman,  has 
not  distinguished  between  the  species  0.  pentaphyllum,  and 
O./ragilU;  and  therefore  the  above  distribution  only  applies 
to  the  two  species  taken  as  one. — J.  T.  C] 

Amphiura  ELE0AN9,  Korman  (Leacli). 

Ophiocoma  w-gUda,  Forbes,  Blit,  Slarf. 

Ampkiura  ckgima,  Nurman,  op.  eil. 

JmphipMia  <!Ugan3,  L.  k  K.,  Vidensk.  Muddet.,  1871. 

,.  Xinbtrni,  I^n.,  OrrcTii.  k.  SvGDsk.  Akwl.  Furljaudl.,  1871, 

„  tqipnua.  Id.,  op,  ciL 

,,  HneaJa,  Id.,  op.  cit. 

.Ainphium  neijltela,  Ilcrdninti,  Prw.  Ruy.  Phys.  Sor.,  Edinb,,  vol.  v.,  1880, 
„         iqwtiiuUa,  LeBlieanil  Henlinan,  op.  eil.,  vol.  vi.,  1881. 
.,  ,.         Lymm,  Zool,  Cball.  Exp.,  pL  xiv.,  188d. 

under  stones  at  low  water  mark. 
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Ahphiuba  Chujii,  Forbes. 

jlmpkiunt  Ckiajii,  Forbet,  Trant.  Linn.  Soc,  voL  lU. 
Opkiomita  piutdaUt,  Forbe*,  Brit.  SUif.  (the  janiiK  t}. 

Firth  of  CI;de  (Norman).  Common  in  mud  thnniglioat 
the  district  Off  Ascog  Point,  11-15  fathoms,  mad.  Loch 
Striven,  40  fathoms,  mud.  Kilchattan  Bay,  20  fathoms. 
Off  Tarbert,  Loch  Fyne,  25  C&thoms.  Off  north-west  end  of 
Little  Cumbrae,  60  fathoms,  mud,  rare.  EObrennan  Soand, 
75-80  fathoms.  Loch  Long,  opposite  mouth  of  Loch  Ooil, 
35  fathoms,  mud,  abundant.  Loch  Long,  below  junction 
with  Loch  Goil,  45  fathoms,  mud,  abundant.  Skelmorhe 
Bank,  6-16  fathoms,  shells  and  stones.  It  is  a  larger  and 
decidedly  less  fragile  species  than  A.  ^iformis. 

Amphiura.  FiLiFoKMis,  Forbcs  (0.  F.  Miiller). 

OphUteomafili/ormb,  Forbes,  Brit.  Starf. 

Amphiura JUi/orm;i,  Forbes,  Trans,  linn.  Soc,  LonJ.,  toL  xii.,  1S4S. 

Eothesay  Bay  and  Gair  Loch  (Forbes).  Firth  of  Clyde 
(Norman) ;  not  uncommon  in  mud  down  to  considerable 
depths.  First  taken  in  Britain  by  Forbes  in  Botheaay  Bay, 
July  1839.  Off  Ascog  Point,  11-15  fathoms,  mud.  Mouth 
of  Loch  Fyne,  100  fathoms,  mud.  Off  Skelmorlie  Point,  39 
fathoms,  common.     Off  nortli-west  end  of  Little  Cumbrae,  35 
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OpQlACTia  Ballii,  Liitken  (TUompson). 
Ophioeama  Ooodtiri,  Forbea,  Brit.  Slarf. 
OphdactU Ballii,  Ltk.,  Addit.  ad  Hist.,  yt.  %  1SC9. 

Clyde  (David  Kobertyon).     0£f  Cumlira*. 

Opiiiopholis  acltleata,  Liitken  (O.  F.  Miiller). 

Ophioctma  bellia,  Forlies.  Brit.  Starf. 

Ophiaphotis  aeuUaUi,  Ltlc.,  A.ldit.  ail  HUt.,  pt.  1,  1868. 
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CommoQ  OQ  hard  ground  from  low  water  to  considerable 
depths.  It  is  decidedly  the  least  fragile  of  the  British 
Ophiurids,  and  perfect  specimeua  are  easily  obtainable. 
When  taken  from  the  water  it  usually  coita  the  arms  in  on 
the  disc.  Off  luellan  the  dredge  came  up  almost  full  of 
Ophiurids,  nearly  all  of  thia  species.  At  mouth  of  Locli 
Goil,  hard  ground,  this  epecies  almost  filled  the  dredge. 

Ophioglypha  lacertosa,  Lyman  (Pennant). 


OpKitita  Irxtarata,  Porbcu.  Dtit.  Stavf. 

„       laetrtom,  Nonnan,  op.  cil. 
Ophioglypha  UtixTtoaa,  Lyantn,  111.  Cat  Mus.  Coliif.  Zool,  No.  1,  18SG. 

Not  uncommon  on  moderately  hard  ground  (stone.?,  shells, 
and  Melobesia).  Ofl'  Cumbrae,  especially  on  Tau  Spit.  Ofl' 
south  end  of  Bute.  Off  Portincross  Point,  12  fathoms.  Loch 
Striven.     Loch  Goil,  veiy  fine  specimens. 

Ophioglypha  albida,  Lyman  (Forbes). 

Ophioslypha  albidd,  Ljnun.  111.  Cat.  Hug.  Camp.  Zool.,  No.  I,  186B. 
Ophivra  albida,  Forbes,  Brit.  Starf. 

Abundant  on  gravelly  and  hard  ground  in  nil  parts  of  the 
Firth. 


OpuioglVfha  affinis,  Lyman  (Liitken). 
Firth  of  Clyde,  20-40  fathoms  (Norman).     Loch  Fyne,  not 
uncommon  on  hard  and   gravelly  ground,   15-40   fathoms. 
Kilbrennan  Sound,  75-80  fathoms,  not  uncommon. 
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Older  III.— ASTEROIDEA. 
AsTKorEcTEX  iSBEGrLARis,  XormsD  (Pennant). 

AtUriat  aurantiara,  ForbM,  Brit.  Staff. 
AMrvpitlfii  irrrymlaru,  Sonoui,  ItC  tiL 

Not  conimou,  Skelmorlie  Bank.  Off  Cnmbraa.  Off 
Ardrossan.  Off  Portincross  Point,  20  fathoma,  common. 
Occasionally  plentifal  in  sand  at  low  water,  Cnmbrae  (David 
Itobertson).  Loch  Goil,  5^  fathoma,  hard  ground.  A  Bpeci- 
uien  taken  on  the  Skelmorlie  Bank  had  the  stomach  packed 
with  shells  of  Xatifa  MoHiacuti  and  Venm  ovata,  41  being 
extracted. 


LuiDiA  Saviunii,*  >tul].  and  Tr.  (Audouin). 

Luidia/mgUi$*ima,  Fortwa,  Brit.  SUrf. 

„      Sariynii,  Miill.  and  Trowh.,  SjiL  dtj  Artrr.,  1S43. 

Firth  of  Clyde  (N'orman).  Arran  (W.  C.  Trevelyan). 
Ltimlnah  Bay,  not  uncommon.  Off  Cnmbrae,  eapecially  on 
Zostera  bods,  not  common  (David  Robertson). 


pAUiirES  UEMBRANACXl's,  Xorman  (Linck). 
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CR0S9ASTEB  FAPPOSPS  (Link.),  Mull,  and  Tr. 
SoUuter  papptaa,  Forbea,  Grit,  SUrf. 
ComuioD  in  all  parts  of  the  Firth  from  low  water  to  20 
fathoms. 

SOLASTEH  ENOECA  (Gmel.),  Forbes. 
Solaatrr  mileai,  Porb«a,  Brit.  Starf. 
Not   uncommon   in   shallow  water.      Off  Ciitnbrae.     OH' 
Dunoon.      Lamlash   Bay.      Skelmorlie    Batik.      Loch   Goil. 
Abnormalities  in  rays  frequent. 

PoHANU  PULVILLUS  (0.  F.  Miiller).  Norman. 
OoBiosfer  TanpUtoni.  Forbes,  Brit.  SUrf. 
Not  uncommon.     Off  Cuuibrae.     Ofi'  C'allnm's  Hole,  Bute. 
Lamlaah  Bay.     Skelmorlie  Bank,  very  fine  apecimeiis. 

Ckibuella  oculata  (Linck),  Forbes. 

CrUxOa  oculata,  Forbes,  Brit.  SUrf. 

Oribnllatangninaitnla,  LutlcfD.OverBigt  over  GroiilaaJs  EcbiLtMleniiala,  1S&7. 

Common  between  tide  marks,  and  in  shallow  water. 
Loch  Goil. 

StiCHASTER  koseus  (0.  F.  Miiller),  Mull,  and  Tr. 

Cribilla  roKa.  Fprbes,  Brit.  SUrf. 

Stichaster  raaeus,  Sara,  Oversigt  tS  Nol'ges  Gcbinoderiner,  ISfll. 

Lamlash  Bay  (Dr  Miles  d  nolm).  Off  Holy  Islaud.  Off 
Tan  Buoy,  Cumbrae,  rather  rare,  20-30  fathoms  (David 
Robertson  et  nobis). 

ASTERIAS   GLACIALIS,  LinUffiUS. 

VratUr  glacialU,  Forbes,  Brit  Starf, 

Common   in   the   Laminarian   zone   and    shallow   water. 

Lamlash  Bay.      Off  Cumbrae.      Off  Callum's   Hole,  Bute. 

Off  Portincross  Point,  15  fathoms.      Frequently  occurs  on 

Zostera  beds,  Cumbrae  (David  Robertson). 
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ASTERIAS   BCBEN8,  lioiueiU. 
ITnuler  ntinu,  ForbN,  Brit  StuC 
Abundant  between  tide  marka  tnd  in  shallow  water. 

ASTERiAS  viOLACBA,  0.  F.  MiUler. 

If  ratter  violacea,  ForbM,  Brit  8tMf. 

Common  in  shallow  water  with  A,  rvben*. 

ASTEBIAS  msPlDA,  Pennant* 
UraMUr  hi^ida,  Forbo,  Brit  SUrt 

Kyles  of  Bute,  under  stones  on  the  shore  (Forbes).    Cnm- 
brae  at  low  water,  rare  (David  Robertson). 

Order  IV.— ECHINOIDEA. 

ECUINUB  ESCDLENTP8,  Linn. 
Eekintu  ^uura,  Forbei,  Brit.  Surf. 

Abundant  between  tide  marks,  and  in  the  Ijaminarian  and 
Coralline  zones. 

Echinus  milurw,  P.  L.  S.  Mttller. 
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Clyde,  as  off  the  island  of  Cumbray,  in  liotheaay  Bay,  and 
tlie  Kyles  of  Bute,  in  which  places  I  met  with  it  for  the 

first  time  in  July  1840  "  (Forbea,  "  Brit.  Starf,"  p.  188). 

EcHisocABDiUM  COHDATUM  (I'enn.),  Gray. 
Amphidatm  eordi^ua,  Porbca,  Urit.  SUrf. 
Common  in  sand  at  low  water,  and  dredged  in   sandy 
ground  in  shallow  water. 

EcHINOCARDIOM  PENNATIFIDDM,  Norman. 
Firth  of  Clyde,  off  Cumbrae,  a  single  specimen  (David 
Robertson). 

Echisocahdium  flavescens  (MiiUer),  A.  Agaasiz. 
Aniphidolus  roatus,  Forbtii,  Brit.  Starf. 
Loch  Striven,  30-40  fathoms,  mud.     Off  Gamock  Beacon, 
35  fathoms.    Skelmorlie  Bank,  5-16  fathoms.    Kot  uncommon 
in  deepiah  water. 

Spatangus  purporeus,  0.  F.  Miill. 

Off  Cumbrae,  not  uncommon,     Skelmorlie  Bank,  common. 

Lamlash  Bay.    Off  Garnock  Beacon,  35  fathoms.    In  sand  at 

low  water  at   Little   Cumbrae,  a   single   specimen    (David 

Robertson).     Frequently  with  Montacula  substriala. 

EcHi.socvAMUS  rusiLLUS  (Miill.),  Gray. 
Off  Cumbrae.    Skelmorlie  Bank.    Lamlash  Bay.    Common, 
especially  on  a  Nullipore  bottom. 


Order  V— HOLOTHUKOIDEA. 

P80LU3  PHANTAPim  (Strussenfeldt),  Jager, 
Paolia  pKaiUapMt,  Porbea,  Brit.  Starf. 
Gair  Loch,  opposite  Helensbut^h,  10  fathoms  (Forbes  et 
nobis).     Kiichrfttan  Bay.     Off  Callum's  Hole,  Bute.    OffTar- 
bert.  Loch  Fyne,  40  fathoms.     In  these  cases  small  speci- 
mens.    Off  Cumbrae  nither  rare,  dredged,  and  on  lines ;  some 
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fine  specimens  (David  Kobeitson).    Skelmorlie  Banlc.    Loch 
Goi],  6-10  fathoms. 


Cdcuhauu  elongata,  D.  &  K 

"  I  have  dredged  many  of  all  Tatieties  in  the  Firth  of 
Clyde.  In  the  Gair  Loch  it  is  abundant  in  about  ten  firthoms 
Tater  "  (Forbes).  Abondant  in  Campbelltown  Loch,  7  &thoins 
mud.     Under  stones  at  Allans  at  extreme  low  vater. 

COCUHASU  HTNDUAmn  (Thompson),  Forbes. 

Not  ancommoQ  on  hard  groand.  Off  Cumhrae.  lAmlash 
Bay  (Herdman).  Eilbrennan  Sound,  75-80  fathoms.  Loch 
Fyue,  on  gravelly  and  shelly  ground,  adhering  usually  to  old 
shells.    Skelmoiiie  Bank. 

CocuKAMA  BRUMNKA  (Thompson),  Th^eL 
Oeiau  bnoaeut,  Forbes,  op.  eiL 

Firth  of  Clyde,  common  (Forbes).  Lamlash  Bay,  20 
fathoms  (Herdman).  On  Laminaria  at  Tan  Buoy  (David 
Robertson). 
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Thtontoidm  Drummondii  (Thompson). 


Off  Portincrosa  a  single  specimen,  6-10  fathoms,  Sept. 
1885. 

Stnapta.  digitata  (Mont^u),  Miill. 

Chiratula  digilata,  Forbes,  Brit.  Starf. 
Abundant  at  low  water  in  a  sandy  bay  near  the  Caatle, 
Little  Ciunbrae.     At  low  water,  spring  tides,  between  the 
Allans,  but  rare  (David  llobertson), 

Synapta  inb^rens  (0.  F.  Miill.),  Eiithke. 

Lemlash  Bay,  20  fathoms  (Herdman).  Cumbrae,  at  low 
water,  among  Zostcra,  and  between  Allans  (David  Robert- 
son). 

Synapta  teneba,  Norman. 

Firth  of  Clyde,  not  uncommon  in  mud,  15-40  fathoms 
(Brady  and  Robertson),  Between  Largs  and  Cumbrae.  Ar- 
dentinny.     Loch  Goil  and  Loch  Long.     Off  Little  Cumbrae. 


XXIV.  Xtrf  of  Shells  collected  by  Mr  John  Rattray,  B.Sc., 
r.R.8.E.,  on  the  West  Coast  of  Africa  a-nd  the  adjacent 
Islands.  By  William  E.  Hoylb,  Esq.,  M.A.  (Oxon.). 
F.RS.E.,  Correspondent  of  the  Academy  ^f  Sciences 
of  Philadelphia. 

(Hi^ad  JDth-Iaimsry  1887.) 

The  sliells  enumerated  in  the  subjoined  list  were  collected 
by  Mr  John  Rattray  during  the  recent  cruise  of  the  tele- 
graph ship  "  Buccaneer."  That  the  number  is  not  much 
larger  must  be  attributed  to  the  short  time  spent  at  each 
calling  place,  as  well  as  to  the  fact  that  bis  attention  was 
directed  to  the  flora  rather  than  to  the  fauna  of  the  district. 
A  considerable  quantity  of  surface  collections  were  made  at 
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differeiit  times  on  the  cruise,  and  it  is  likely  that  when  these 
have  been  completely  investigated  they  will  yield  some  in- 
teresting pelagic  forms.  The  identifications  have  all  been 
verified  by  comparison  with  specimflDS  in  the  British 
(Natural  History)  Museum  at  Sonth  Kensington;  and  I 
desire  here  to  acknowledge  the  valuable  assistance  obtained 
from  the  Concholpgical  Department  in  that  part  of  the 
work. 

Mr  Battray  has  been  good  enough  to  furnish  me  with  the 
following  notes  upon  the  various  localities  at  which  his  col- 
lections were  made : — 

"Aura,  visited  on  January  16, 1886,  presented  an  nnda- 
lating,  barren,  sandy,  and  spray-beaten  beach,  lying  to  the 
east  of  the  town,  which  yielded  but  few  specimens.  Marine 
Algie  were  scarcely  represented  in  this  locality;  even  the 
steep  sandstone  clitTs,  up  to  the  bottom  of  which  the  sand 
extended,  though  lashed  continually  by  a  dense  spray  of  sea- 
water,  were  found  perfectly  barrea  Fragments  of  cattle- 
bones  were  not  uncommon  on  the  beach. 

"San  T}iom4  /aland,  near  the  head  of  the  Qulf  of  Guinea, 
was  visited  on  January  25  and  31,  and  on  February  1,  1886. 
The  low  volcanic  boulders,  extending  from  the  fortress  to- 
wards the  penal  establishment,  and  separating  the  maishy 
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"St  Paul  de  Loanda,  on  the  east  coast  of  the  Gulf  of 
Guinea,  was  visited  from  February  10  to  17,  1886.  The 
majority  of  the  shells  were  found  on  the  small  island  oppo- 
site the  town,  and  separating  the  anchorage  from  the  ocean. 
This  island  consists  exclusively  of  sand ;  it  is  low  throughout, 
and  will  no  doubt  soon  become  united  to  the  mainland  at 
one,  at  least,  of  its  ends,  on  account  of  the  immense  quantity 
of  sand  yearly  carried  down  to  the  anchorage  from  the  soft 
sandstone,  or  sandy  cliffs,  in  the  vicinity  of  and  behind  the 
town.  Near  the  coaling  jetty,  on  the  mainland,  a  few  speci- 
mens were  got,  and  a  few  more  were  also  dredged  in  shallow 
water  in  the  anchorage,  being  brought  up  with  large  masses 
of  Zoophytes.  Most  of  the  specimens  were  found  dry  on 
the  seaward  face  of  the  island  just  referred  to,  where  remark- 
able undalations  of  the  sand,  similar  to  what  may  be  seen 
in  miniature  on  a  sandy  beach  on  our  own  coasts,  form  dune- 
like  masses,  standing  almost  at  riglit  angles  to  the  coast. 

"  Porto  Fraya,  Cape  Verde  Islands. — A  call  was  made  here 
on  the  homeward  voyage,  in  March  188G,  hut  only  a  few 
shells  were  gathered  at  the  base  of  the  richly  fossiliferous 
cliffs  surrounding  the  bay  opposite  the  town.  A  large  num- 
ber were,  however,  purchased  from  a  native,  by  whom  they 
had  been  gathered  in  the  neighbourhood ;  but  on  examina- 
tion, these  were  found  to  have  been  selected  rather  with 
respect  to  size  and  elegance  than  with  the  object  of  procuring 
the  greatest  variety  of  forms. 

"  Gran  Canarvi. — The  remarkable  isthmus  connecting  the 
isleta  to  the  main  island  was  examined  for  a  few  hours  on 
December  13,  on  the  outward  passage.  Near  the  water- 
level  it  was  found  to  consist  of  soft,  richly  fossiliferous 
sandstone,  which  readily  crumbled  even  on  slight  pressure. 
Imbedded  shells  were  found  belonging  to  the  same  species 
Bs  were  found  living  on  the  beach  in  the  immediate  vicinity, 
where  Helices,  Cones,  and  Cerithta  were  sot  unfrequent" 
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ATricuCoHt. 


0A8TR0P0DA. 


.  Helix  nndata,  Lovti, 

L      „      OliuiMDL,  ShuiUannllt,  . 

I.       „      Jiinn^  Mlilltr, 

t.  Achatios  bicariOBta,  Dillnryn, 

I.  Siphonsrio  rrnom,  Awn, 

i.  Bulli  smpullft,  LiniU.      . 

'.  Tonbni  MneinUiiaU,  Ijinutrdt, 

i.  Coaat  leatadinariuji,  Martini, . 

I.      ,,      K<>iii*icu".  Hiaat,  . 

).      „      Prometheiu,  Ilvai», 

,,      ap.  incert.,     . 
!.  Cuncelliria  cancellntn,  lAttni,  . 
I.  ,,  simiUrLft,  Soteerby, 

\.  Olira  hiatula,  Qntlin.     . 
i.      „      flammnlata,  Lamardc, 
1.  Htrpa  Tinea,  [.ainarek,    . 
'.   Marginclla  glHbclla,  LiniU, 
i.  „  »myKiUIs,  Kieiurr, 

).  CTmbium  oils,  lAnat, 
).  Mitraap.  incert.,      . 
I.  Melonjfpna  raorio,  iinn/, 
I.  Tritunideii  rariegata,  dmy, 
i.  NasHa  eougperaa,  FhiUppi, 
1.  Dorsnnum  vilronm,  Kettx, 
J.  ColumbelU  roticalsta,  Lamarrlc, 
9.  Mitrelln  rribraria.  Lamarrle, 
7.  Mnrex  rosariiia,  (7A«inni(i, 
9,      ,,       tiirhinatUB,  Lamarei, 
9.       „      *p,  incerl,(iw/irM.  regii 
0.  Purpara  lueiuaatania.  Linnt, 
cruflntata,  tai 
,,         neritoiden,  /ii 


I   ll] 


^i 


II 
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GASTROPODA. 


t 

ii 


61.  Scalnria  paeudoacalaria,  Riiao, 

62.  Obeliscns  clolttbratus,  Linni,  . 

63.  NeriU  atrsta,  Chem-aUi, 

ei.  Trocbiu  (Gilibnla)  cicer,  Mfnke  (I), 

(Oiaticuina)  gainucuB,  Chemnili, 
.,  tristis,  Oray, 

67.       „     (OxthuU)  S&nlcvi,  iTOriigtiy, 
6S.  HftliatU  tabercnUO,  linnd,  , 
88.  FiMUTBlla  obtus«,  Soieetiry,     . 

70.  ,,      rosea,  L/invirck, 

71.  „      ap.  inoBrtlmarF.  Kflppelli, 


K        The  folio 

^M  Htm 


PELECTPODA. 

i.  Ostrea  Forakali,  ChetrmUz, 

I.  Spondyltis  imioolor,  Sovtci^, 

'.  Fecten  concentrifus,  Sit]/, 

1.  Aviculisp.  iDoert.(n«irA.8irgentea,  I 

Saue) j 

I.  IflogDomoD  nucleiu,  Lamarcl:  (1),   . 

I  „  »p.  incert..   . 

.  Hytflas  plinntnlaa,  Lamarct, 

L  An»  senilis,  Linni, 

I.     „    decuBsflta,  Saxrvrly, 

I.     ,,    domiriKonnii,  Lamatvk,  . 

I.     „     Noaj,  Liun^,  .... 

'.  Peetuncnlui  formoaiia,  Serve, . 

I.  CAfdila  senef^Ienais,  Jleevf,    . 

I.       ,,       BiDiiata,  Lainarti, 

I.  Cnuaatella  contniria,  Lariiardc, 

.  LnciDB  leucoma,  Turtoii, 

I.      „       (Codakia)  pecten,  Lainarcic, 

L  Chama  rudBmlia,  LninanJc,    . 

I.  Cudiam  pectiDatnm,  Linni,  , 

„        taberculatuni,  Lamarck,  . 
:.  Teuiu  plicatala,  ChemniU,     . 

>.  CTthnea  (Caryalis)  tumens,  Omelin, 
.  Dosiiiia  Dxoletit,  Liart^  . 
l       „        OrbiRnyi,  Diaiixr,     . 
\  Semele  modesta,  A.  Adam*.  . 
.  Tcllina  coinplanata,  Ckemnils, 

„        luadB|;B3carieagis,  Omelin,  . 

„       Qmboiiella,  Lamarck, 

,,       (Uscoma]  cumBDo,  Da  Coata, 
.  Donax  TtieoBim,  LinnS,   , 
.  Mactra  Adannoni,  PhiHppi,    . 

„  Largillierti,  Philippi, , 
.  Solen  guineonaia,  Sprngl^,  . 
.  TageiUB  gibba,  Sptsgler, 

The  following  sppciea  simply  bore  thu  Inbol,  "  West  Ciwst  of  Africn  "  :  — 
StetioCT"  Icrelirttstor,  Wni-M"--.  Olivn  flanimulata,  Latnarcl:. 

Trochos  turbinaliiB,  Bom.  ,    _ 


ArrkknCout. 


1|||J 


I 
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XXV.  On  the  Develojmeni  of  the  Oviduct  in  TeteosUant.     By 

J.  T.  CUNNtNOHAM,  Esq.,  KA.,  F.B.S.E. 

(RtAd  30th  April  1887.) 

In  Balfour's  "  Comparativa  Embryology"  (voL  ii.,  1881 
p.  605),  the  question  of  the  morphological  nature  of  the 
genital  ducts  in  Teleostei  vaa  left  undecided,  but  it  was 
aigued  that  the  fact  that  the  MUUeriau  ducts  of  the  Teleostean 
Qanoid  Zepidostevs  attach  themselves  to  the  genentive 
organs,  and  thus  acquire  a  resemblance  to  the  generative 
dncta  of  Tdeostei,  afforded  a  powerful  support  of  the  view 
that  the  generative  ducts  of  both  sexes  in  the  Teleottei  were 
modified  MilUerian  ducta  Subsequent  inquiries  showed, 
however,  that  the  Mlillerian  ducts  did  not  in  Z^ndosteut 
attach  themselves  to  the  generative  organs,  and  no  connection 
can  be  traced  between  Mtillerian  ducts  and  generative  organs 
in  the  development  of  Teleostcans.  An  attempt  to  follow  out 
the  development  of  the  Teleostean  oviduct  was  made  by  a 
Belgian  embryologist  in  1881.'  He  was  successful  in  finding 
indications  of  the  origin  of  the  duct  in  only  one  species— 
BeUme  acus.  He  found  in  embryos  of  this  species  64  mm. 
long,  that  the  genital  ridge  projected  far  into  the  body  cavity, 
its  base  of  attachment  being  narrow,  so  that  in  traosverse 
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beneath  the  Tirinary  vesicle,  the  coaleacence  of  these  pro- 
longations together,  and  the  formation  of  an  opening  to  the 
AZterioi. 

The  size  of  the  furrow  and  tube  in  Bdone  ams,  according 
to  the  figures  of  MacLeod,  bears  a  very  small  proportion  to 
the  size  of  the  whole  genital  ridge.  The  state  of  things  which 
I  have  observed  in  the  young  sprat  is  somewhat  different, 
The  genital  ridge  in  all  TeUostei,  as  MacLeod  observes,  is  very 
late  in  developing ;  in  an  alevin  of  Salmo  Leveiiensia  three 
^ys  after  hatching,  the  structure  can  be  by  careful  scrutiny 
made  out  as  a  few  rather  conspicuous  cells  in  the  peritoneal 
epithelium.  In  Clupea  sprailus  I  was  unable  to  Hnd  indica- 
tions of  the  formation  of  the  ovarian  tube  in  young  fish  under 
the  length  of  5  cm.  In  specimens  of  that  size,  when  cut  into 
a  series  of  transverse  sections,  the  ovary  is  seen  to  be  already 
tubular  in  the  anterior  portion,  while  posteriorly  the  tube  is 
incomplete  and  open.  The  tubular  ovary  has  a  large  cavity  ; 
the  whole  of  the  mediad  and  of  the  ventral  wall  is  very  thick, 
consisting  of  a  mass  of  young  ova ;  the  other  parts  of  the  wall 
are  tliinner,  a  rather  thick  epithelium  extending  from  the  ger- 
minal region  round  the  rest  of  the  inner  surface  of  the  tube, 
while  the  external  surface  of  the  ovary  is  formed  by  a 
layer  of  fibrous  connective  tissue  covered  by  endothelium, 
Posterior  to  the  ovarian  tube  we  find  the  germinal  mass, 
together  with  the  mediad  wall  of  the  ovary,  projecting  freely 
like  a  genital  ridge,  while  opposite  to  it  externally  is  a  slight 
tidge  of  the  wall  of  the  body  cavity  continuous  with  the  outer 
wall  of  the  complete  ovarian  tube,  The  way  in  which  the 
ovarian  tube  is  formed  is  thus  perfectly  cltar;  the  only 
question  is  whether  the  ridge  which,  by  coalescing  with  the 
edge  of  the  ovary,  forms  the  tube  is  to  be  regarded  as  eui  in- 
dependent projection  from  the  wall  of  the  body  cavity,  or  as  a. 
portion  of  the  genital  ridge  itself.  The  latter  view  is  perhaps 
the  most  probable,  and  in  that  case  the  process  in  the  sprat 
does  not  differ  from  that  in  Bdone  in  kind,  but  only  in  degree; 
the  size  of  the  ovarian  canal  being  very  large  in  the  sprat  in 
'Comparison  with  the  thickness  of  the  walls. 

What  takes  place  then  in  the  sprat  is  this.  Along  the 
dorsal  wall  of  the  body  cavity  external  to  the  mesentery  on 
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each  side  is  a  raised  band  covered  by  an  epitheliam,  which 
is  somewhat  thick  but  not  gemiinaL  From  the  mediad 
side  of  this  band  projects  a  thick  and  deep  fold,  bearing  on 
its  outer  side  a  genninal  mass  of  young  ovs ;  from  the  ex- 
ternal side  of  the  band  is  a  much  smaller  fold,  which  contains 
no  young  ova;  the  edges  of  these  two  folds  coalesce,  and 
thus  the  tubular  ovaiy  is  formed. 

In  the  posterior  part  of  the  body  cavity,  long  before  the 
point  is  reached  where  that  cavity  is  divided  into  its  two 
ultimate  prolongations,  all  trace  of  the  generative  organs  dis- 
appears. In  tracing  back  the  ovarian  folds  they  are  seen  to 
become  smaller  and  smaller,  until  they  cease  altogether.  After 
the  folds  are  no  longer  visible,  the  pair  of  slightly  thickened 
bands  in  the  wall  of  the  body  cavity  can  still  be  recognised, 
though  they  are  not  prominent,  and  farther  back  these  also 
disappear  altogether,  and  no  further  trace  of  ovary  or  oviduct 
can  bo  seen.  One  peculiarity  seen  in  a  series  of  sections  of 
the  sprat  deserves  to  be  mentioned.  The  urinary  vesicle  does 
not  extend  forward  in  front  of  the  point  where  the  segmental 
ducts  open  into  it,  as  is  the  case  in  moat  fishes ;  in  the  more 
anterior  region  of  the  body  is  seen  a  large  tube  between  l^e 
kidneys  and  the  body  cavity ;  this  is  the  large  air-bladder, 
which  passes  backwards  to  open  to  t/n  exterior  behind  the 
anus  on  the  left  side.     In  sections  a  little  in  front  of  the 
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Bfter  birth,  and  which  were  given  to  me  by  Prof.  M'lntosh, 
no  further  development  has  taken  place,  except  that  the  ova 
are  more  mature.  The  germinal  epithelium  extends  round 
the  whole  inner  surface  of  the  tubular  ovary,  which  ends 
blindly,  both  anteriorly  and  posteriorly.  It  will  be  necessary 
to  examine  stages  both  anterior  to  and  subsequent  to  those  I 
have  had,  in  order  to  trace  the  development. 

It  will  be  seen,  on  comparing  the  description  I  have  given 
of  the  development  of  the  cavity  of  the  ovary  in  the  sprat 
with  the  figures  and  deacriptiou  given  by  Balfour  and  Parker 
coBceming  Lepidmtevs,^  that  the  mode  of  development  is  in 
the  two  cases  exactly  the  same,  except  in  one  respect,  namely, 
that  peritoneal  openings  of  segmental  tubes  were  found  within 
the  ovarian  cavity  in  Lepidoete-us,  while  in  the  sprat  I  have 
not  observed  these.  The  specimen  of  Lepidosteus  in  which 
the  formation  of  the  frout  part  of  the  ovarian  tube  waa 
observed,  was  11  cm.  in  length. 

With  regard  to  the  male  genital  duct  in  Lepidoateus  it  was 
found  that  there  existed  in  the  adult  a  system,  of  tubes 
placing  the  tubules  of  the  testis  in  communication  with  the 
arinary  tubes  of  the  meaonephres,  and  so  with  the  segmental 
duct,  and  no  duct  homologous  to  the  female  oviduct  could  be 
found.  No  observations  seem  yet  to  have  been  made  on  the 
development  of  this  communicating  system  in  the  male 
Zepidoginis,  which  resembles  what  exists  in  ElastiiobramhB. 
It  is  still  uncertain  what  is  the  real  nature  of  the  genital 
ducts  in  other  Ganoids.  As  for  the  male  duct  in  Teleosteans, 
Brock*  sees  reason  to  believe  that  the  vas  de/erem  in  them  ia 
of  the  same  nature  as  the  female  oviduct,  and  not  a  Miilleriau 
duct  at  all;  but  no  embryological  evidence  on  the  question  has 
'et  been  adduced. 

More  work  is  still  urgently  required  on  the  development 
of  the  genital  ducts  in  Teleosteans,  Ganoids,  and  Dipnoans. 

■  Pliilosopliical  Transactions,  1882. 

t-'OMcblecbtaorgaae  der  Muracnidae,"  Mitt.  Zool.  Stat,  Keap«I  18SI. 
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XXVI.  Notice  of  the  capture  of  Delphiaus  delphis  in   the 
Firth  of  Forth.     By  Professor  Sir  Wii.  ToBKEB,  M.B., 
LL.D.,  F.K.S.,  President  of  the  Society. 
(End  16th  UiTch  1887.) 

In  the  month  of  February  my  aseistant,  Mr  James 
Simpson,  observed  in  the  window  of  an  Edinburgh  fish- 
monger a  specimen  of  a  small  cetacean— obviously  not  a 
porpoise.  On  inquiiy  he  found  that  it  had  been  shot  in  the 
Firth  of  Forth,  and  it  was  purchased  for  the  Anatomical 
Museum  of  the  University. 

Mr  J.  Melville  Webster  of  Cramond  Manse  has  kindly 
communicated  to  me  the  following  particulars  of  its  capture. 
He  was  rowing,  along  with  some  companions,  from  Queens- 
ferry  to  Cramond,  keeping  close  in  shore,  when,  in  a  small 
bay  on  the  Dalmeny  estate  between  Queensferry  and  Hound 
Point,  a  sohool  of  six  or  eight  small  cetaceans,  swimmiDg 
about  in  pairs,  was  seea  Although  Mr  Webster  could  not 
say  positively  that  they  were  all  of  the  same  species,  aa 
their  beaks  were  not  all  seen  above  the  water,  yet  it  is 
probable  that  they  were  so.  One  animal  was  shot  ftY>m  the 
boat,  but  its  companion,  which  escaped,  was  considerably 
bigger.     In  all  probability  the  larger  specimen  was  a  male. 

From  the  form  and  length  of  the  beak,  the  number  of 


I 
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Teeth  small,  short,  pointed,  HTi=174. 

Colour. — The  skin  was  black  on  the  roatrum,  the  top  of 
head,  the  back,  both  surfaces  of  the  tail  and  dorsal  6n.  It 
was  dark  yellowish  grey  on  both  surfaces  of  the  Hipper. 
High  np  on  the  side  of  the  body  it  was  grey,  with  an  under- 
tint of  fawn  colour,  then  a  lighter  band  about  an  inch  wide 
commenced  at  the  angle  of  the  mouth, and  extended  horizon- 
tally backwards  below  the  eye,  but  above  the  flipper,  and 
widened  out  somewhat  behind,  when  it  ended  on  the  aide  of 
the  body  in  a  broad,  greyish  white  patch,  a  little  in  front  of 
the  tail.  The  side  of  the  lower  jaw  had  a  yellowish  grey 
tint  similar  to  that  of  the  side  of  the  body,  and  this  tint 
extended  backwards  below  the  lighter  band  just  described 
as  far  as  the  broad,  greyish  white  patch.  The  belly  was 
white,  and  this  tint  was  continued  forwards  to  the  under 
Hurface  of  the  lower  jaw,  and  backwards  to  behind  the  anus. 
The  specimou  showed  that  variety  of  tint  and  shading  which 
has  been  described  and  figured  by  Professor  Flower  in  hia 
description  of  a  common  dolphin  caught  off  the  coast  of 
Cornwall.* 

The  animal  was  distinguished  by  the  elegance  of  its  shape, 
which  was  in  a  great  measure  due  to  the  mode  in  which  it 
tapered  both  forwards  to  the  beak  and  backwards  to  the  tail. 
The  lower  jaw  projected  very  slightly  beyond  the  upper. 
The  blowhole  was  single  and  creacentic,  concave  forwards, 
whilst  its  valve  was  convex  backwards.  The  forehead 
descended  gently  to  the  beak,  from  which  it  was  differen- 
tiated by  a  distinct  V-shaped  groove,  the  apex  of  which  was 
forward  at  the  base  of  the  front  of  the  forehead.  The  beak 
proper  was  attenuated;  its  length  from  the  apex  of  the 
V-shaped  groove  to  the  tip  was  4J  inches.  The  skin  of  the 
beak  was  smooth  when  the  animal  was  recently  out  of  the 
water,  but  subsequently  it  became  wrinkled.  The  anterior 
border  of  the  dorsal  fin  was  2  feet  5  inches  from  the  tip  of 
the  beak  when  measured  along  the  curve  of  the  back  ;  the 
dorsal  fin  was  falcate.  The  tail  had  a  mesial  notch  j  inch 
deep.    The  vulva  waa  immediately  in  front  of  the  anus,  and 
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liad  a  nipple  alit  on  each  side.   The  external  auditory  n 
was  no  bigger  than  a  pinhole. 

Although  \'ariou8  epechiiena  of  the  common  dolphin  have 
lieen  captured  on  the  English  coaat^  and  Mr  Couch  has  stated 
that  these  ammals  come  on  the  Comiah  coast  in  conaideiable 
numbers,  more  especially  when  the  pilchards  and  mackerel 
abound,  yet  there  ia  a  want  of  any  definite  information  of  its 
occurrence  in  the  Scottish  seas.  Fleming  and  Jenyna  in 
their  systematic  works  on  British  animals,  the  author  of  the 
volume  on  whales  in  Jardine's  Xaturalists'  Library,  and 
Gray  in  his  "Catalogue  of  Cetacea,"  ore  oil  silent  on  this 
matter.  In  the  second  edition  of  Bell's  "  British  Quadrupeds," 
it  is  stated  that  the  common  dolphin  appears  to  be  much 
rarer  on  the  shores  of  the  more  northern  ports  of  Britain 
tliun  in  the  south.  Mr  R  R  Alston,  in  his  monograph  on 
"  The  Fauna  of  Scotland,"  Glasgow,  1880,  says,  that  though 
it  probably  occasionally  visits  the  coasts  of  Scotland,  as  it 
does  those  of  Xorway,  yet  that  he  has  been  unable  to  find  a 
single  trustworthy  account  of  its  capture ;  and  Mr  Tbomaa 
Southwell,  in  his  "  Seals  and  Whales  of  the  British  Seas," 
London,  1881,  remarks  that  there  is  no  reliable  record  of  its 
occurrence  in  Scottish  waters. 

The  capture  of  this  specimen  in  the  Firth  of  Forth  enables 
me  now  to  make  a  definite  statement  on  this  matter,  and  to 
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XXVII.  JVt*(cs  on  Chondrosteus  a.eipsnsero\des,  Affassiz.     By 
Dr  R.  H.  TRACiUAiK,  F.R.S.,  F.G.S. 

(Read  aotii  April  isar.) 

The  now  well-kuown  Liasaic  Acipenaeroid  fish  Chondrodeus 
acipeTiseroides  was  named  by  Agassiz  in  1843,  but  not  de- 
scribed by  him.'  It  subsequently  formed  the  subject  of  au 
elaborate  memoir  by  Sir  Philip  Grey-Egerton,  Bart.,*  in 
which,  besides  giving  a  minute  account  of  the  structure  of 
the  genus,  he  named  two  additional  species — C  pacJii/urus 
and  C.  crassior.  Putting  the  results  of  Sir  Philip's  investi- 
gations as  briefly  as  possible,  he  maintained  that  while  "  in 
all  essential  points  "  Chondrosteus  resembled  the  recent  Stur- 
geon, nevertheless  in  certain  others,  and  notably  in  the 
structure  of  the  opercular  and  hyoid  regions,  it  constituted  a 
transitional  form  towards  the  more  ordinary  Ganoids.  More- 
over, the  skin  of  the  body  presented  the  same  naked  condition 
seen  in  the  recent  Poli/odon. 

Eight  years  afterwards  ProfesBor  Young  read  a  paper  on 
the  subject  before  the  Geological  Society  of  London,  of  which 
ouly  an  abstract  of  six  lines  ^  is  given  in  the  Quarterly 
Journal.  The  object  of  the  paper  was  to  show  that  Clion- 
drosletis  was  a  Holostean,  not  a  Chondrostean,  because  it 
"possesses  a  well-ossified  basi occipital,  and  the  lateral  walls 
of  the  cranium  are  composed  of  bones  answering  to  the 
cartilage  bones  of  ordinary  Teleostei." 

In  1887  I  placed  the  family  "  Chondrosteidffi  "  (including 
Ciiondroslem)  in  the  "  Acipenseroid "  suborder  of  Ganoids, 
between  the  Spatularida:  and  the  Paiseoniscidte,  wliich  latter 
family,  along  with  the  allied  Flatysomidie,  I  proposed  to 
include  in  one  great  group  with  the  Sturgeons.* 

On  the  9th  March  of  the  present  year,  Mr  J.  W.  Davis 
read  a  paper  on  Chondrostttis  aHpenseroides  before  tlie  Geolo- 

'  Poiuons  FoiuilM,  t.  ii.,  jiC,  2,  p.  2S0. 
'  Phil.  Tram.,  vol.  Ui  [leSSI.  J'p.  a71-88S. 
*  (jttait.  Joum.  Oeol.  Sac.,  vol.  nil.  (18SS],  p.  506. 

*liiiiioid  FiHlie»oftlieB[iti>hC«boijifer(iiiBFona»tiuuB,  I't.  1.  PalaoDiseiJiP, 
!>.  42,  Pal.  Sw:.,  1877. 
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\(\caX  Society  of  London,  of  which  aa  abstmct  haa  been  pub- 
lished. In  this  paper  Mr  Davis  iuterpreted  the  appearances 
presented  by  a  single  fine  specimen  in  his  own  collection, 
anil  besides  giving  a  detailed  account  of  its  anatomical 
structure,  expressed  his  belief  "  that  there  is  no  specific 
diflei-euce  between  C,  acipenaeroida,  Agassiz,  and  C.  eramor, 
Egertou." 

Mr  Davis  does  not  seem,  liowever,  to  have  made  use  of  the 
magnificent  suite  of  specimens  of  Ckondrosteai  in  the  British 
Museum,  which  contains  not  only  the  types  of  Sir  Philip 
Egertou's  figures,  but  also  a  splendid  array  of  additional 
examples,  mostly  also  from  tlie  Egerton  and  EnsiskilleD 
Collections.  For  the  privilege  of  examining  these,  and  of 
noting  several  new  and  interesting  details  presented  by  them, 
I  am  indebted  to  Dr  Woodward,  F.liS.,  Keeper  of  the  Geo- 
logical Department;  and  my  thanks  are  due  also  to  Dr 
Geikie,  Y.llS.,  and  Mr  K  T.  Newton,  F.G.S.,  for  kindly  per- 
mitting me  to  take  notes  of  the  sptiCJmeiis  in  the  Museum  of 
Practical  Geology,  Jermyn  Street.  In  the  present  paper  I 
propose  to  give  an  outline  of  the  results  derived  from  tlie 
study  of  the  specimens  in  both  Museums. 

Cranial  Shield. — The  elements  of  the  main  portion  of  tlie 
cranial  shield  have  been  recognised  by  Sir  P.  I^erton  and  by 
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i3  a  rather  small  puxtcrior  frontal  {p./.).  In  no  apecimeii 
wliicb  I  have  seen  are  the  plates  in  advance  of  the  froutals 
in  sufhcienbly  good  preservation  to  enable  one  to  map  out  or 
describe  them:  the  outline  of  the  snout  as  given  in  the 
restoration   (Fig.  5)  is  therefore   conjectural.      Behind  the 


Fig.  1.— Craain)  sliiolJ  of  a  spocint^n  or  Ohaiulroatewi  in  tLu  HuMUtn  of 
f  rtrCiciil  Ooolugy,  Jennyu  StrocL  On  llie  Ipft  tide  the  ili<|il>eed  oporcnliiiu 
(oj7.)  is  JMRnoror)ap])iiigtliepoit-ten)pDml(p,f.]  and  aiiteriiiipra-tenipanil  (■.'.). 

posterior  margins  of  the  parietals  and  squamosals,  and  be- 
tween these  and  the  post- temporal  elements  of  the  shoulder- 
girdle,  ia  a  transverse  row  of  five  small  plates  {s.t.).  One  of 
these,  of  a  rmlely  polygonal  shape,  is  median,  and  placed  just 
at  the  union  of  the  two  pitrieUils,  and  is  flanki'd  on  each  side 
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by  another  plate,  of  wliich  the  right  is  larger,  the  left  smaller 
than  itself.  External  to  each  of  the  latter  is  the  remaining 
plate  of  each  side,  of  considerably  larger  size,  of  an  irregularly 
triangular  shape,  and  placed  between  the  posterior  margin  of 
the  squamosal  and  the  post-temporal  ( p.t),  which  latter  it 
largely  overlaps.  These  are  certainly  the  plates  which  in 
other  Ganoid  fishes  (Lepidosteus,  Polyptervx)  have  sometimes 
been  called  "  supra-occipitals  "  and  "  epiotics,"  but  they  are 
mere  scale-bones,  and  occupy  the  place  of  the  supra-temporal 
chain  in  Teleostei 

A  very  distinct  suborbital  bone  (g.o.,  Fig.  5)  is  seen  in  a 
lai^  number  of  specimens.  It  consist  of  two  limbs — an 
upper  and  longer  vertical  one  meeting  below  at  nearly  a 
right  angle  with  a  shorter  horizontal  portion,  the  bone  being 
considerably  expanded  at  the  junction.  Above,  the  suborbital 
was  suspended  from  the  post-frontal  region  of  the  cranial 
shield, — below,  it  comes  in  contact  with  the  middle  of  the 
maxilla.  This  suborbital  is  the  bone  which  Sir  I'hilip 
Egerton  has  interpreted  as  the  "  prtemaxilla  "  in  his  memoir. 

All  these  plates  are  externally  marked  with  pores,  and 
often  with  furrows  and  ridges  radiating  from  the  centres  of 
ossification ;  often  also  the  surface  becomes  conoigated,  some- 
times almost  granulated  ;  but  I  have  seen  no  positive  traces 


In  this  iiu«ritn«n  [hv  hml 
n(  tli<>  shnulJer-girilU,  oivrci 
liortion  of  the  cnnial  ilitcld. 
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vxtretiitty  of  the  liyomandibular  towards  the  articulation  of 
tlie  niniiiHble;  this  I  do  not  insist  upon,  as  it  is  uot  corro- 
l>oritte«l  by  any  other  s]>eciinen,  thou(>h  the  existence  of  a 
rsirtilaginous  one  may  be  snfely  assumed,  considering;  the  large 
space  between  the  lower  extremity  of  the  liyomandibular  and 
tbi'  artiuulatiun  nf  the  lower  jaw. 
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plate  (s.op..  Figs.  2,  3,  and  5),  overlapping,  with  its  anteiior 
superior  angle,  the  posterior  inferior  part  of  the  hjomandi- 
bular,  and  leaving  a  considemble  space  between  its  upper 
concave  margin  and  the  edge  of  the  cranial  shield.  This  is 
the  bone  which  has  hitherto  been  called  "  operculum "  in 
Ghwidroatots,  and  it  certainly  corresponds  exactly  in  position 
to  the  so-called  operculum  in  Polyodon.  It  is,  however. 
equally  clear  that  it  corresponds  also  in  position,  as  well  as 
in  general  shape,  with  the  suboperculum  of  Palatyniscus ;  ^ 
and  that  this  is  its  true  interpretation  is  proved  by  the  dis- 
covery of  the  proper  operculum  (op.)  lying  above  it  and 
between  it  and  the  cranial  shield  (Figs.  2,  3,  and  5).  Thy 
shape  of  this  operculum  may  bo  aptly  likened  to  that  of  an 
inverted  comma,  the  tail  passing  upwards  and  forwards  to 
the  cranial  shield,  the  convex  margin  being  posterior  and  the 
concave  one  anterior,  a  considemble  space  in  front  of  the 
bone  and  above  the  suboperculum  being  still  left  nncovered. 
The  opercular  flap  is  continued  downwards  and  forwards  by 
a  series  of  ten  imbricating  brancJiiostegals  {hr.),  which  are 
broad  and  plate-like  where  they  immediately  follow  the 
snboperculnm,  though  anteriorly  they  become  narrow  and 
slender. 

Jaws  and  palalo-qitadrate  apparatus. — The  maxilla  (mx.) 
is  »  tolerably  stout  bone,  tapering  anteriorly  and  somewhat 
expanded  in  its  posterior  third — the  posterior  mar^n  looking 
very  obliquely  upwards  and  backwards.  As  is  well  sliown 
in  Figures  2  and  3,  it  is  curved  iuward.^  in  front  to  meet  its 
fellow  of  the  opposite  side  in  a  perfect  symphysis ;  there 
cannot,  therefore,  be  a  true  pnvmaxilla  here  any  more  than 
in  Aeipen^r  or  Polyodon.  Articulated  to  the  oblique  posterior 
mai^gin  of  the  maxilla  is  a  small  flat  plate  (/),  whose  shape 
somewhat  reminds  one  of  a  boot,  the  sole  being  in  apposition 
with  the  maxilla,  while  the  leg  is  directed  upwards  and 
backwards  towai'ds  the  anlurior  margin  of  the  stiboperculum 
[set  Fig.  4,/).      This  is  clearly  the  homologue  of  the  little 

'  DMcribed  as  "  intoropnrciiluni "  in  my  Memoir  on  tlio  Btrnoluro  of  llio 
r«lmoiii»ci(i».  I  liBTe,  howpvi-r,  ulaudoneil  tbut  view,  and  now  winsidor  tho 
f Uto  intercalit^Ml  botwoen  it  luil  tlio  operculum  in  such  pnera  n"  ShabdolrpU 
lo  lie  not  a  (uliopL-rculiini,  1.nt  liierrly  an  ai'tosiiury  olctin'nl. 
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bonp  which  in  the  recent  Sturgeon  ia  called  "  pneopercnlum" 
by  Mr  W.  K.  Parker,*  although  it  aeemg  to  me  and  others  to 
be  the  same  "  jugal "  element  which  we  find  appended  to  the 
maxilla  in  Amia,  Salmo,  etc.      In  the  Sturgeon  it  has  also 
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maxilla  to  Chondrosteiis.  But  an  examinntion  of  the  original 
specimen  represented  in  pi.  Ixix.  of  his  memoir  shows  that 
his  "  pru-maxilla"  is  the  suborbital  bone,  and  that  his  maxilla 
— the  small  bifurcate  bone  behind  it — appertAins  to  the 
palate,  and  will  be  described  immediately  as  a  pterygoid 
element  I  The  real  maxilla  in  this  specimen  is  interpreted 
by  Sir  Philip  as  a  mandible,  while  to  this  jugal  plate  he  has 
assigned  the  name  and  position  of  hypotympanic  ( =  quadrate). 

Witliin  the  space  bounded  by  the  maxilliu,  the  roof  of  the 
month  ia  principally  composed  of  two  plates  ( m.pt..  Figs,  2 
and  4)  of  a  somewhat  oval  or  ovoid  contour,  narrower  behind 
than  in  front.  Anteriorly,  these  plates  are  placed  behind 
the  symphysis  of  the  maxillse ;  mesially,  they  articulate  witli 
each  other  along  a  portion  of  their  internal  margins,  while 
externally  each  comes  into  contact  with  the  maxilla  of  its 
own  side  for  the  anterior  half  of  its  length,  behind  wliich  the 
margin  recedes  inwards,  the  little  bone  pt.  being  placed  just 
where  the  recession  takes  place.  Tiiese  plates  were  recog- 
nised by  Sir  Pliilip  Egerton  as  "  palatine,"  and  are  un- 
doubtedly the  representatives  of  the  two  plates  occupying  a 
corresponding  position  in  Acipenser,  aud  which,  although 
formerly  usually  reckoned  as  "  palatines,"  are  designated  as 
"  pterygoids  "  by  Prof.  W.  K.  Parker.'  To  my  mind  it  seems 
to  correspond  more  with  the  mesopUrygoid  of  other  fishes, 
and  I  have  lettered  it  accordingly. 

Placed  at  the  middle  of  the  outer  edge  of  this  last  described 
bon£,  and  articulating  both  with  it  and  with  the  maxilla,  is 
a  small  bone  {pt.)  which  bifurcates  posteriorly,  one  limb 
being  placed  along  the  maxilla,  the  other  along  the  meso- 
pterygoid  palate-plate.  Tliia  is  the  bone  which  Sir  Philip 
Egerton  has  interpreted  as  "maxilla"  {op.  cii.,  pi,  Ixix.  21), 
but  whose  true  relations  are  most  clearly  seen  in  a  largo 
number  of  specimens  in  the  British  Museum.  These  rela- 
tions are  not  obscure  even  in  tlie  specimen  figured  by  Sir 
Philip;  but  here,  as  already  explained,  he  unfortunately 
mistook  the  real  maxilla  for  the  lower  jaw.  As  the  position 
of  this  little  bone  is  about  the  middle  of  the  maxilla  aud 
bfhind  the  stiborUtal,  we  may  feel  a  little  surprised  at  the 
■  <ip.  ri(..  [,,  172. 
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fnlluwiiij;  stutomuiit  iii  t)ie  published  abatraot  of  Mr  DavIs's 
pHper: — "  From  the  piisitioii  of  tlio  renpective  maxillaiy  and 
preinaxillary  boimx  in  tliis  (Mr  Davis's)  specimen,  there  can 
he  no  further  douht  that  the  smatl  bifurcated  bone  of  C. 
iieiiHiwroi'hs,  Ag.,  described  as  the  maxillar;  bone,  is  really 
ihc  ]>remHxillury  "  (1). 


r.iit  if  »■«  inquire  wliat  this  little  "bifurcated  bone"  really 
iH,  I  answer  that  it  seems  to  me  to  occupy,  as  regarda  the 
maxilla  and  the  great  palate-plate,  a  position  quite  analogous 
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mui'^iii  about  the  middle  of  its  extent,  aud  then  diverges 
downwards  and  backwards  towards  the  angle.  Sir  Philip 
Ej^uilon  describes  the  mandible  of  ench  side  as  a  single  bone, 
and  no  doubt  it  is  mostly  composed  of  a  large  dentary 
ek-iiient  {d.,  Fig.  3),  But  at  its  posterior  extremity  two  other 
elements  are  undoubtedly  present,  of  which  one,  the  upper, 
may  be  reckoned  as  articidnr,  while  the  other  beneath  it  is 
unquestionably  the  angular  {ag,}. 

Ko  trace  of  teeth  can  be  seen  in  connection  with  either 
jaw ;  Chtmdroateus  in  tliis  respect,  as  in  so  many  others, 
reaembling  the  recent  AcijKnser. 

Branchial  a/.r/efon.— Abundant  remains  of  ossified  ceeato- 
branchials  (Fig.  2,  c.b.)  are  seen  in  many  of  the  specimens, 
but  we  need  not  be  detained  at  present  by  entering  into 
detail  as  to  this  part  of  the  skeleton. 

ShovMer-girdh. — Sir  Philip  Egerton  states  that  wiicreaR, 
in  Acipenser  three  bones  ace  present  in  the  shoulder-girdle, 
viz.,  supra-scapular  (post- temporal),  scapular  (snpra-clavi- 
cular),  and  coracoJd  (clavicle),  in  ChondTosicus  the  "  scapula" 
and  "coracoid"  have  coalesced.  In  Acipaiser  there  are, 
however,  at  least  four  membrane  bones  of  the  shoulder- 
girdle  ;  the  post-temporal  being,  however,  immovably  arti- 
culated with  the  cranial  shield,  while  the  fourth  element  is 
the  large  infra-clavicular  plate.  And  Mr  Davis,  as  regards 
C/umdrosteus,  is  undoubtedly  light  in  maintaining  tliat  the 
"  scapula "  and  "  coracoid "  are  not  fused,  though,  as  he 
enumerated  only  three  elements  in  the  shoulder-girdle,  he 
seems  not  to  have  observed  the  infra- clavicular. 

The  poet-temporal  (Figa  1  and  2,  p.t.)  is  a  somewhat  three- 
cornered  plate  placed  behind  the  posterior  margin  of  the 
cranial  shield,  and  having  its  anterior  mai^n  overlapped  by 
the  supra- temporal  bones.  This  is  IbUowed  by  the  supra- 
clavii-ular  (Kig,  2,  s.d.),  an  oblong  bone  passing  obliquely 
downwards  and  backwards,  and  having  its  upper  extremity 
obliquely  perforated  by  the  side-canal.  Its  distinctness  from 
the  clavicle  is  obvious  in  every  well-preserved  specimen. 
This  clavicle  (Figs.  2  and  3,  cl.)  difiera  from  that  of  the 
Sturgeon  in  not  being  so  much  developed  inferiorly,  so  that 
the  next  element,  the  in/ni-davkidar  {i.cl),  articulates  t«  its 
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Inver  margin,  extends  higher  up,  and  comes  to  be  opposite  i 
considerable  portion  of  tlie  origin  of  the  pectoral  fin.  Then 
is  still  another  platu  (Fi<j.  S,p.cl.).  thoagh  it  i»  a  very  sma\ 
one,  ap{>end«d  to  the  posterior  margin  of  the  clavicle,  am 
this  we  may  recognise  as  correspoDding  to  the  posl-clitvitidai 
of  Polyodon  and  the  Palivwniacidfe. 

I  have  seen  no  evidence  of  ossification  in  the  scapulo 
eonicoid  cartilage,  nor  does  any  specimen  afford  a  view  of  thi 
biise  of  the  pectoral  hu,  though  in  some  a  few  dislocatei 
radials  may  be  seen  in  this  position.  It  is  probable  that  thi 
arrangements  here  resembled  those  in  Aeipenxer,  and  I  owi 
1  am  somewhat  at  a  loss  to  understand  the  "  two  bones  "  U 
which  Mr  Davis  alludea  as  "apparently  representing  tin 
radius  and  ulna  of  Owen  (coracoid  ami  scapula  of  Parker)." 

The  limits  of  the  present  paper  hardly  permit  my  entering 
into  detail  as  to  the  rest  of  the  structure  of  C/u>iulrattnu 
So  far  as  the  internal  skeleton  is  concerned,  its  remains  indi 
cate  a  structure  very  similar  to  that  in  Acipenser,  while  tb 
fins  in  shape  and  arraugtiment  much  resemble  those  o 
Poli/odon. 

Coiu-liLswn. — Although  there  is  no  evidence  of  any  Ion] 
snout,  ChaadroiteuA  resembled  Polyodim  in  the  general  shap 
of  the  tiody,  iu  the  form  and  arrangement  of  the  fins,  an<l 
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chain,  aod  where  the  post-temporal  is  movably  articulated, 
— whereas  in  Acipenscr  the  froiitala  nre  entirely  sepHtated 
by  an  intercalated  plate,  and  the  post-temporals  and  two  of 
the  median  body-plates  are  immovably  joined  to,  ftnd  form 
a  part  of  the  cranial  buckler  itaelf.  Especially  palieoniacoid 
is,  however,  the  aspect  of  the  opercular  and  branchiostegal 
apparatus,  as  will  be  seen  if  the  reader  will  compare  the 
restored  drawing  (Fig.  5)  with  the  figures  of  the  heads  of 
Palaoniams  and  NematoptycMus  given  in  my  account  of  the 
Paljeoniscidje,  although  in  Chandivsteiis  there  is  no  prieoper- 
culura  and  the  series  of  branchiostegal  rays  of  the  two  sides 
may  not  have  met  in  the  middle.  Tlie  special  resemblance 
of  the  shoulder-girdle  to  that  of  PaUronisnis  is  also  very 
Btriking.  especially  in  the  form  of  the  post-temporal  and 
6 up ra- clavicular  bones. 

In  my  already  quoted  essay  on  the  structure  of  the  Palre- 
oniscidsG,  I  pointed  out  certain  strange  and  previously  unre- 
cognised resemblances  which  Pala-oniacua  bore  to  Pulyodon, 
especially  in  the  internal  skeleton,  the  shoulder-girdle,  and 
the  jaws  and  palato-quadrnte  apparatus  (even  allhougli  there 
are  premaxillary  bones  and  there  ia  no  evidence  that  the 
palato-tiuadrate  elements  met  in  the  middle  line  in  front). 
I  also  remarked  that  the  resemblances  between  Palctonigcus 
and  Acipenser  are  of  course  much  leas  promineut.  Here, 
however,  ia  a  form  which  in  many  of  its  features  presents 
strong  Palieoniacoid  resemblances,  but  whose  affinities  are, 
nevertheless,  more  with  Acipenser  than  with  Polyodon  ! 

The  affinities  of  Cfimidroilats  seem,  therefore,  to  radiate  in 
three  directions,  towards  Adpenser,  lowards  Polyodon,  and 
towards  the  PaliPoiiiscidEe,  and  certainly,  of  all  the  three 
directions,  the  distance  towarda  Acipaiser  ia  the  least. 
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XXVIII.  Nota  oa  the  Britiah  ^xcics  of  Zeugoptenis.  By 
Oeobgb  Bbook,  Esq.,  F.L.S.,  Lecturer  od  Comparative 
Embryology  iu  the  UoiverAitT  of  Edtiiburgli.  [Plates 
XIV.-XVI] 

(Raul  IStli  DeMmberlMS.) 

In  the  year  1S35,  Gottsche  (1)  proposed  to  divide  the 
species  hitherto  iucluded  in  Klein's  genas  Bhohsos  into 
three  sections,  retaining  the  name  Jihombus  for  that  section 
including  the  turhot  and  brilL  His  divisions  were  as 
follow : 

1.  V«ntr«li  free  from  tntl ;  mlra  iionc,  or  nmall 

knil  L-jrloiil,    .....     RiioXBCh. 

2.  Vciitralii   Tree  frani  aiml ;    m-alen    nmall    sml 

ciluteil,  .....     I.Ei-iPOitnoHBrs. 

3.  Vfutrats  united  witL  anal,  Zkl'ooptebub. 

The  generic  name  L^idoi-hombus  lias  not  been  adopted  by 
subse^iuent  authors,  with  the  exception  of  Giintlier  (2),  while 
the  name  ZemjoptcrM  has  been  utilised  by  various  authori- 
ties in  a  different  sense  or  discarded  altogether.  Yarrell  (3), 
Couch  (4),  Nilsson  (6),  and  CoUett  (6),  and  some  other  ob- 
servers, appetu'  to  agree  in  practically  uniting  the  two  genera 
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aud  pimctatus — uutler  the  geniie  Zetujopterus,  R.  miima<inlaiitf^ 
not  being  met  with  in  Norwegian  waters.  Tliis  species, 
however,  is  found  in  the  Mediteiranenn,  and  has  been  in- 
cluded in  the  genua  Zeugopterus  by  GigUoU  (8).  It  will  thus 
be  aeen  that  the  genus  Zeugoptcrus  is  made  to  include  species 
iu  which  the  ventrals  are  free  from  the  anal,  and  also  one 
{Z.  punctcUuji)  having  the  ventrals  united  with  the  anal. 
The  condition  of  the  ventral  fins  ceases  therefore  to  be  of 
generic  value. 

Becently  Day  (9)  lias  rearranged  the  British  species  as 
follows:  The  E.  meffostoma  of  Donovim  is  included  in 
Bleeker's  genus  Arnoglossus,  along  with  the  mergrim,  A. 
lalaita.  R.  norvrifiais,  a  species  which  has  not  yet  been 
found  in  British  waters,  would  also  probably  be  included  in 
this  genus.  The  remaining  species — viz,,  R.  pmiclatvs  and 
It  vnimaculatus — form  the  genus  Zmgopimis  as  understood 
by  Day.  Thus  the  second  and  third  divisions  of  the  genua 
Khombos,  as  defined  by  Gottsche,  have  been  bniken  down, 
and  the  genus  Zkugoptehus,  as  recently  defined,  includes 
species  in  which  the  ventrals  may  or  may  not  be  united  to 
tlie  anab.  the  generic  characters  depending  on  other  features. 
The  followiogara  the  characters  defined  by  Day:  "  Branchios- 
tegals,  seven;  pseudobrauchise  present;  eyes  on  the  leftside. 
and  close  together;  cleft  of  mouth  deep;  sharp  vilUforni 
teeth  in  a  band  in  either  jaw,  present  or  absent  from  the 
vomer.  The  dorsal  fin  commences  before  the  upper  eye;  its 
rays  and  those  of  the  anal  are  nearly  all  branched ;  caudal 
not  united  to  the  vertical  fins ;  the  veutmla  either  free  from 
or  united  to  the  anal;  scales  ctenoid;  lateral  line  having  n 
strong  curve  anteriorly." 

The  majority  of  these  characters  are  not  confined  to  the 
genus  Ztugoptei'tis,  but  are  also  common  to  tite  genera  li/io-mbus 
and  Amo'jIossuB. 

An  examination  of  the  British  species  of  PlmironeetiJiK 
will  show  that  the  genera  fall  more  or  less  naturally  into 
three  groups,  Rliowbus  and  its  allies  occupying  an  inter- 
mediate position  between  Hippoglosxiis  and  Plevroneclts.  In 
oriler  to  gmsp  moi-e  surely  the  relation  of  ZtHffoptntis  to 
tiie    other    PIcvron-'ctidd-,    1    subjoin    a    table,  showing    this 


3C4  Proeetdintfs  of  the  Royal  Phyncal  Society. 

grouping,  based  on  those  characters  which  appear  common  to 
each  group,  those  of  generic  value  being  omitted : 

/  A.  J>*a  iiKi  dentition  kbont  equtll;  deTsloped  ou  bolh  tidet ;  cleft  of 
mouth,  dttp. 


(2. )  Eyn  on  leR  liile,    J  Ztngopleriu. 

1) 

■J  I  B,  JtWB  ftud  dentition  more  developed  on  the  blind  dde  ;  6jm  on  tlie 
ridlit  aide ;  cleft  of  mouth,  ■hallow. 
Pkarontda. 
SoUa. 

The  three  genera  with  the  eyes  on  the  left  side  include,  in 
the  main,  the  species  comprised  in  Klein's  genus  E/u»nhtu, 
as  originally  constituted.  All  possess  the  following,  amongst 
other  characters,  not  including  characters  common  to  the 
PUuronectidos  generally :  Branchiostegals,  usually  seven ;  eyes 
on  the  left  side ;  teeth  in  a  band,  usually  villiform,  none  on 
the  palatines ;  dorsal  fin  commences  considerably  in  front  of 
the  eyes ;  most  of  its  rays,  and  those  of  the  aual,  branched 
(except  in  A.  laUrna). 

The  continuation  of  the  dorsal  fin  on  to  the  snout,  and  the 
situation  of  the  eyes  on  the  left  side,  are  points  which  in 
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Viatrihution. — Shores  of  Northern  Euroije  to  tlie  Mediter- 
ranean. 

A  feature  common  to  all  the  apecies  of  the  genus  Zeugopterun, 
as  here  understood,  is  the  constant  occurrence  of  a  flap-like 
accessory  portion  of  the  vertical  iins  situated  under  the  tail. 
In  a  former  paper  (10)  I  described  the  use  of  this  peculiar 
modification  of  the  vertical  fins  in  aiding  respiration.  From 
further  observation  of  its  action,  I  am  inclined  to  think  too 
much  stress  was  then  laid  on  the  action  of  the  accessory 
flap.  Under  normal  circumstances,  when  a  specimen  of 
Zeugopterus  adheres  closely  to  a  smooth  surface  by  a  back- 
ward pressure  of  the  rays  of  the  dorsal  and  anal,  the  body  is 
arched,  and  a  space  is  left  between  the  under  side  of  the  lish 
and  the  surface  to  wliich  it  adlieres.  Through  this  channel 
B  constant  cnrrfnt  of  water  is  made  to  pass  from  the  branchial 
chamber  on  tlie  under  side  to  the  tail.  The  basal  portions  of 
the  vertical  (ius  are  kept  in  constant  motion  during  thi.s 
time,  but  the  motion  is  more  vigorous  in  the  rays  immt^- 
diately  in  front  of  the  tail  than  in  the  accessory  flaps  situated 
underneath  it. 

In  Z.punrititus  and  Z.  papilloma  the  ventrals  are  united 
■with  the  anal,  the  anal  papilla  being  situated  between  the 
two  ventrals.  In  Z.  unimaculatas,  on  the  contrary,  the 
ventrala  are  free.  The  anal  papilla  is,  however,  situated 
between  the  two  ventrals  as  in  the  other  species,  and  the 
rays  of  the  anul  fin  near  its  anterior  extremity  become  shorter 
and  shorter,  and  the  flu  gradually  tapers  away  to  the  anal 
papilla.  The  ventral  fins,  therefore,  cover  the  anterior  ex- 
tremity of  the  anal  on  both  sides,  and  thus  appear  to  be 
continuous  with  it  in  a  living  specimen.  It  is  only  when  the 
ventrals  are  pulled  to  one  side  that  they  are  found  to  be 
unattached  to  the  anaL  The  position  of  the  anal  papilla 
between  the  ventrals,  and  not  behind  them  as  in  other  Pleuro- 
tuctidct,  appears  to  be  of  generic  value. 

The  ciliated  cycloid  scales  are  also  characteristic,  aud 
give  the  species  of  this  genus  an  appearance  peculiar  to 
themselves  amongst  British  I'leuronectidic  at  least.  Figures 
of  these  scales  will  be  found  on  Plates  XIV. -XVI. 
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In  all  three  species  the  scales  have  a  nambcr  of  spinous 
processes  on  their  free  margins,  hut  the  compaTative  strengUi 
of  these  is  not  sufliciently  constant  to  be  of  speciGc  valne. 
Nevertheless,  in  each  species  there  is  a  tendency  for  a  paN 
ticnlar  form  of  scale  to  predominate.  In  all  three  species 
tlie  central  s^iine  is  strongly  developed.  In  Z.  unimaadabu 
there  are  three  central  spines  much  stronger  than  the  others, 
but  of  these  the  two  lateral  ones  are  usually  slightly  shorter 
than  tliat  between  them.  In  Z.  punetattu  the  central  spine 
19  very  stronj;,  and  the  lateral  ones,  none  of  which  approach 
it  in  size,  become  smaller  and  smaller  towards  the  lateral 
margin.  In  Z.  papiilosiis  the  arrangement  is  similar  to  that 
in  Z.  puwtatas,  but  all  the  lateral  spines  are  so  mach 
reduced  as  to  exaggerate  the  iinportance  of  the  central  one. 
Such  is  the  ti/pieal  scale  structure  of  the  species  here 
described,  but  it  is  easily  possible  to  find  intermediate  forms, 
which  link  the  extremes  together. 

1.  Z.  ruscTATUs,  Blnch.     (l'\.  XIV.J 

Flrttmncda  pu»elatK»,  111. 
kifiu»,  AIiMk- 

Zeiigojilfriu  pitiidaluii.  Hay. 

K«/»m«;n(nuy;.--l>,  87-101;  A, 69-80;  p.lO;  V,«;C,  11-10. 

Fitt  farmuta  (nwn  (i[H'i:itii<;n»).-  11,  HM02;   A,  7S,  79;   P,  vpper. 
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Scales  on  tli«  left  side  strongly  spinous,  those  on  the  riglit 
amootli  or  nearly  so ;  scales  only  iniperfecUy  developed  un 
the  under  side  of  the  doi-sal  and  anal ;  filaments  or  papilla; 
not  evident  on  the  coloured  side. 

Dislrihilion. — From  tlie  shores  of  Norway  to  the  uorthern 
shores  of  France. 

This  species  appears  to  be  of  frequent  occurrence  on  tlie 
East  Coast  of  Great  Britain  and  in  the  English  Cliannel.  It 
also  extends  to  the  West  Coast  and  the  eastern  shores  of 
Ireland.  I  have  not  met  with  it  in  the  Clyde  estuary,  but  Mr 
Anderson  Smith  has  recorded  its  occurrence  in  Loch  Crerau. 

My  lai^eat  specimen  measures  8|  inches  in  length,  and 
eeveml  others  have  come  into  my  hands  measuring  over 
7  inches. 

2.  Z.  PAPiLLOSUS,  n.  sp.     (PI.  XV.) 

Fin/onmtla.—D.  P4,  B6 ;  A,  68,  69  ;  P,  12.;  V,  8  i  C,  10. 

'  Tlie  dorsal  fin  commences  at  the  anterior  margin  of  the 
maxillie ;  none  of  the  rays  are  produced  into  fleshy  filaments. 
The  accessory  portions  of  the  dorsal  and  anal  appear  to 
consist  of  three  much  branched  rays.  The  inter-orbital  septum 
is  very  narrow,  and  is  not  raised,  the  eyes  nearly  touching 
one  another.  The  left  eye  is  not  so  much  in  advance  of  the 
right  as  in  the  other  two  species,  but  young  specimens  of 
Z.  iinunaculalns  have  the  eyes  placed  nearly  vertically  one 
above  the  other,  while  in  some  of  the  larger  ones  the  left  eye 
is  half  its  diameter  in  front  of  the  right  This  character 
may,  therefore,  be  of  little  specific  value.  The  anterior 
dorsal  margin  of  the  body  is  more  arched  than  the  ventral, 
80  that  a  continuation  of  the  posterior  straight  portion  of  the 
lateral  line  would  pass  above  the  inter-orbital  ridge. 

The  left  pectoral  is  considerably  longer  than  the  right; 
each  usually  contains  twelve  rays,  but  the  first  ray  in  the 
left  is  shorter  than  the  others. 

Scales  on  the  left  side  spinous,  those  on  the  right  smooth 
and  small.  The  scales  apparently  do  not  extend  to  the 
vertical  fins  on  the  ry/kt  side.  The  skin  on  the  coloured  side 
is  densely  papillose,  this  feature  being  particularly  well 
Marked  on  the  head  and  an'.erior  portion  ol  the  trunk. 
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In  colonr  tliis  species  is  very  striking.  The  ground  colour 
is  B  bright  yellowish  brown,  with  dark  brown  spots  and 
patches.  A  dark  spot  or  patch  extends  backward  obliquely 
from  each  eye.  There  is  a  round  dark  spot  abont  the  middle 
of  the  straight  part  of  the  lateral  line,  and  another  at  the 
commencement  of  the  cnrved  portion,  while  there  are  several 
smaller  ones  on  the  posterior  part  of  the  head,  and  one  at  the 
base  of  the  pectoral.  The  vertical  fins  are  pale,  bat  every 
sixth  or  ae^'enth  ray  is  dark,  the  deeper  colour  being  con- 
tinued some  distance  on  to  the  body,  and  ending  in  a  roonded 
dilation. 

In  number  of  rays  in  the  dorsal  and  anal  fins,  this  species 
is  intermediate  between  Z.  punelaiiis  and  Z.  Knimaculatw,  as 
will  be  seen  from  the  following  table : 

8p«det.  DotHl.  An]. 

Z.puiteUUju,  ....     67-102  7S-7B 

2.  pa^Uotus,  ....    94-95  68-60 

Z.  uMimaculalvi,     .        .  7G-SS  61-47 

(Arcrit)^  SO).  (ATcrage  64). 

Distributiiyn. — As  yet  I  have  only  met  with  this  form  in 
the  Clyde  estuary.  It  frequents  sliallow  water,  particularly 
sandy  bays  overgrown  with  Zostera.  I  have  taken  it,  in 
company  with  Z.  iinimamlahts,  in  Loch  Striven  and  in 
Rothesay  Bay  ;  and  ^[r  Titomas  Scott  has  also  taken  one  or 
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branched.  The  accessory  portion  of  the  dorsal  and  anal 
usually  conaista  of  four  branched  raya  The  inter-orbital 
septum  is  raisetl,  forming  a  sharp  ridge  along  the  dorsal 
niargio  of  the  left  orbit,  but  is  ouly  very  slightly  raised  on  the 
upper  aide,  its  diameter  being  about  a  quarter  that  of  the  eye. 

A  continuation  of  the  posterior  straight  portion  of  the 
lateral  line  would  pass  through  the  inter-orbital  ridge.  The 
left  pectoral  extends  a  little  beyond  the  curved  portion  of 
the  lateral  line ;  the  right  is  a  little  shorter,  but  the  difference 
in  size  ia  not  so  great  as  in  Z.  punctatus.  The  first  ray  is 
slightly  stronger  than  the  others,  and  is  unbranched,  but  is 
not  so  long  as  those  immediately  succeediug  it. 

The  left  pectoral  frequently  has  ten  rays,  and  the  right 
only  nine. 

Scales  on  the  left  side  strongly  spinous,  those  on  the  right 
being  ciliated.  Scales  prominent  on  the  under  aide  of  the 
dorsal  and  anal  The  skin  on  the  coloured  side  bears 
numerous  filaments,  which  are  irregularly  distributed  and 
frequently  pigmented, 

Diatributiun. — From  the  shores  of  Denmark,  around  the 
British  Isles,  to  the  Mediterranean. 

This  species  does  not  appear  to  be  recorded  from  the  coaat 
of  Norway.  I  have  not  met  with  it  amongst  specimens 
examined  from  the  east  coast  of  Scotland,  but  on  the  west  it 
appears  abundant  in  suitable  localities.  I  have  taken  three 
with  one  haul  of  the  trawl  in  Loch  Fyne.  I  have  also  met 
with  this  species  in  the  Kyles  of  Bute,  on  the  shores  of 
Mull,  and  in  the  Gair  Loch,  Koss-shiro.  My  specimens  vary 
I'rom  three  to  six  inches  in  length. 

List  of  IIefeeences  to  LiTEiuTuiiB. 

1.  OatUelw.— Wiegm.  Arcfa.,  1836. 

a.  Qiinther. ^Cat.  Fialies  Bril.  Mus.,  vol.  iv. 

3.  Tmrrea—Britiah  Pishes,  ed.  iii. 

t.  Conch. — Britisli  Fialiea. 

6.  HlU«in.-Sk.n.  Fnuua  (Fisk). 
S.  Collett.— Norgea  Fiake. 

7.  StMiutrap. —Overs.  Daiiak,  Vid.  Setek,  18<S&. 

8.  GlgUoll— Cut.  Peflc.  Itnl. 

9.  Day,— British  Fislira,  part  i v.,  1882. 
10,  BrooL— FourlU  Aim.  U«p,  Fiali,  ISoud,  Svotkmt,  IS 
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XXIX.  A'otex  on  the  Itrprodiirlion  a/  Lost  J'arts  in  the  Zobsler 
(Homarus  vulgaris).  liy  Ueokge  Brook,  Esq.,  F.L.S., 
Lecturer  on  Comparative  Embryology  in  the  Univeraity 
of  Ediuburgh.    [Plate  XVII.] 

(Ri-Nd  17th  Mureh  18SS.) 

Over  a  century  and  a  half  ago,  Itt-auinur  (1  and  3)  imb- 
lislied  an  elaborate  account  of  the  process  of  eudysia  in 
Oi'ustacea,  and  of  the  manner  in  which  lost  or  injured  limbs 
are  replaced  by  new  ones.  His  investigations  on  the  repro- 
duction of  lost  parts  were  so  complete,  that  little  has  been 
added  to  them  up  to  the  present  tima  It  was  KiSanmin-  who 
first  discovered  that  in  the  Decapods  the  injured  limbs  are 
usually  reproduced  from  the  basal  joint  He  showed  that  if 
u  pincer  claw  is  broken  at  the  first,  second,  or  third  joint, 
the  mutilated  limb  is  ^'cuerally  cast  off  at  the  fourth  joint 
within  a  few  days,  and  the  new  limb  develops  from  tliis 
point.  He  adds,  however:  "Quoiqu'il  en  soit  de  la  raison 
I>our  latjuelle  les  jambes  se  trouvent  communement  cassecs 
tlans  la  suture  qui  est  proche  de  la  quatrieme  articulation, 
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The  limb  ia  then  ready  to  be  set  free,  and  the  niembrane 
bm-sta.  The  new  limb  when  liberated  ia  about  half  the  size 
of  the  one  lost.  Thia  process  takes  from  three  to  six  weeks 
according  to  circumstances.  With  each  successive  moult  the 
V  liuib  increases  considerably  in  size,  so  that  in  time  it 
becomes  similar  in  size  to  its  fellow.  According  to  It^aumur, 
the  ambulatory  limbs  ai-e  produced  in  a  similar  manner,  but 
more  slowly.  "  D'ailleurs  litant  moins  exposiies  i  ae  casser, 
parcequ'ellea  ne  sout  [ins  terminties  par  de  grosses  piuces, 
elles  se  reproduisent  et  plus  rarement,  et  ce  qui  eat  toiijoiire 
k  remarquer  plua  leutemenl." 

J.  Couch,  in  a  paper  "  On  the  procesa  of  Exuviation  and 
Growth  of  Crabs  and  Lobsters  "  (3),  gives  some  uotes  on  the 
xeproductiou  of  lost  limbs,  which,  however,  are  cbietly  a 
resume  of  E^umur's  researches. 

The  next  important  contribution  to  the  subject  was  made 
by  H.  JJ.  S.  Gootlsir,  in  a  paper  read  before  the  Wernerian 
Society  in  December  1843  (4).  Goodair  suggested  a  reason 
why  the  lost  limbs  are  usually  reproduced  froui  the  first 
phalanx.  He  says:  "A  small  glandular-like  body  exists  at 
this  spot  in  each  of  the  limbs,  which  supplies  the  germs  for 
future  legs.  This  body  completely  tills  up  the  cavily  of  the 
shell  for  the  extent  of  about  half  an  inch  in  length.  The 
microscopic  structure  of  this  glandular-like  body  is  very 
peculiar,  consisting  of  a  great  number  of  large  nucleated 
8,  which  are  interspersed  throughout  a  fibro-gelatinoua 
IS.  A  single  branch  of  each  of  the  great  vessels,  accom- 
pauied  by  a  branch  of  nerve,  runs  through  a  small  foramen 
near  the  centre  of  this  body,  but  there  is  no  vestige  either  of 
muscle  or  tendon,  the  attachment  of  which  are  at  each  ex- 
tremity. In  fact,  this  body  is  perfectly  defined,  and  can  be 
turned  out  of  the  shell  without  being  much  injured.  When 
the  limb  is  thrown  off  the  blood-vessels  and  nerve  retract, 
thus  leaving  a  small  cavity  in  the  new-made  surface.  It  ia 
from  this  cavity  that  the  germ  of  the  futm-e  leg  springs,  and 
it  ia  first  seen  as  a  nucleated  cell." 

In  1873,  Chanli-aii  (5)  published  a  aeries  of  observations 
on  the  Crayfish,  giving  the  time  required  for  the  reproduction 
of  lost  parts  in  that  species.     He  aays  that  lost  aateume  are 
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Tlie  followinj;  extracts  from  my  diary  will  show  ihe  ub- 

svrvalioDS  made : 

LORKIBU  4. 
5,  iii.  83.  — In  rvniovIuK  this  Bjiei^inien  to  another  tank  it  threw  off  both 
chuluto  cUws  ly  th«  basal  joint,  and  also  the  ttagollnm  nl  the  left 

8,  JiL  83.  —The  ncars  on  the  basal  joiiita  of  chelate  limbs  ami  loft  suteiiuik 

have  become  (covered  with  a  thin  white  [ielli(.'!i', 
13,  iv,  83.— No  signs  of  raproJncCion  of  lost  ttp|ieni!fl((es, 

11,  V.  83. — There  is  now  s  pnllid  while  jiroreits  ■rising,  like  a  ipine,  from 

tha  midillB  of  tha  scar  of  enuh  limb.     Lengtii  a  little  under  j  in. 

IB,  r.  83. ^Length  of  iirotcaa  for  chelae  nearly  A  in.,  aud  th«  juints  of 
tliB  future  limb  arc  marked  out  by  faiut  conHtrictions  tienviLh  tliu 
pellicle,  and  the  piai:i'ra  by  a  faint  groove  on  each  side.  The  two 
grouves  meet  at  the  ii|>ox.  forminij  a  notch  (q/*.  hg.  3).  The  basnl 
portion  of  process  in  wider  tlitii  on  previous  dnte, 
Left  antenna  has  a  pallid  wiiite  procoBs,  similar  to  that  forming  the 
nidiniDUt  of  chclte  on  prefioaa  dale.  Lengtii  rather  leus  than  i,  in., 
widened  at  base.     ProceBS  ia  aa  yet  quite  straight  and  spine-liku. 

2t,  V.  SS.^Two  apical  Joints  of  cheliB  are  now  lent  inwanls.  No  colour 
chunges  observable. 

20,  V.  83. — Length  of  chelate  rudiments,  -ff  in.  Left  antenna  Las  now 
become  twisted  at  the  a]wi,  forming  a  half-spiral  turn  (se«  Bg.  1}. 

12,  Ti.  83.— Length  of  chelate  rudiments,  ^g  in.  Twisted  portion  of 
anteniut  forms  about  one  complete  coil. 

aj,  vi.  83.— Length  of  chelate  rudimoiita,  f,  in.  Theao  nidimenta  have 
now  assumed  a  flesh  tint.  Coil  of  antenna  close,  measures  ^  in.  A 
faint  red  tint  i9  becoming  marked  in  this  rudiment  also. 

3,  vii.  83.-~Lcngth  of  uhelati:  nictimenta,  H  in.  Red  tinge  very  pro- 
nounctil,  excepting  at  base  anil  tip.  The  colour  is  now  blood  red. 
Coiled  portion  of  antenna  now  measures  ^i  in.  Colonr  nut  so  dark  as 
cheloe. 

17,  vii.  83.— Ijjngih  of  elLi^ltu,  jj  in,  lllue  suffu»ioii»  are  making  their 
apjiearance  amongst  the  red. 

I,  viii.  83.— Iietigtb  of  cliolic,  Ij  in.  Length  of  coiled  portion  of  antenna. 
A  in. 

22,  viii.  83.- Length  of  cbel»,  "Hi  in.  During  the  last  few  days  these 
rudiments  have  assumed  the  same  dark  tints  (even  darkor)as  tlie  other 
uninjured  limbs,  due  to  the  same  suffusions  of  dark  blue.  Coiled 
portion  of  left  antenna  Jf  In.     Colour  hrilliaut  fleab  red,  paler  at  the 


Up. 


— Ecdysia  had  Cakcu  place  during  the  night.     The  thin  u 
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bnoe  enclosing  the  dbv  chelate  limlM  remtiaed  anbnrvt  (?),  aad  wai 
Mut  off  with  the  do-ikelctoa  during  ecdyiii,  renuiniDgattMbed  to  tha 
1hu>1  joint  iu  vach  case.  After  (cdjiui  the  new liniba increMcd  npidlj 
ill  size,  unil  bail  auatneil  considerable  proportions  beroni  tLs  new  riiell 
became  hardened,  a  jirocess  Khith  ninally  occupie*  atTenl  daja. 
Owing  to  liabilitj  to  irregularity  in  meuiirementa  of  the  total  length 
or  chelate  limbs,  I  baTs  taken  the  nlative  iiz«  of  the  tenntoal  (pincer) 
joint  aa  a  mUt  guide  in  comparisona.  The  length  of  the  \Ant*t  joint 
io  lbs  limb*  thrown  off  fi,  iii.  S3  was,  for  that  at  the  right  limb,  8^ 
in.j  and  of  the  left,  fl/gin.  When  the  new  skeleton  became  thorongbljr 
hanluned,  tlio  correepoading  joiuti  of  the  new  limbs  wcasnnd  napec- 
tivelv,  31  and  Si  in. 

The  new  antenna  on  this  date  had  attained  a  length  of  S  or  8  in., 
but  iiufortiinatBly  it  received  an  injury,  and  the  terminal  portiou  broke 
BHay,  so  thnt  1  am  nnabla  In  give  proi'iae  meisurementa. 

Tbii  «pecimen  died  1,  i.  S4,  before  any  furthur  ecdyaii  had  taken  place. 


llud  lost  during  the  winter  (no  ]>recise  date  kept)  the  right  chela,  tha  fifth 
leg  on  the  right  ain,  and  the  fourth  on  the  left  side. 

13,  iv.  83. — Rudiment  of  pincer  claw  about  1  in.  long,  and  aitendaa  littl« 
lieyond  the  middle  of  the  third  joint  (ischiopoditej  of  tlie  third  pair  of 
litnba.  Bndiments  of  the  lost  ambulatory  iimba  reach  to  alMiit  the 
middle  of  the  fourth  joint  (meropodite)  of  the  preceding  leg.  The 
new  limbs  are  jiaLIid  while,  tinted  with  fleali  colour,  and  have  the  fall 
complement  of  joints.     These  are,  liowsver,  quite  rigid. 


— Proce«  of  chela  1| 
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niiiujurcil  fullons,  w  that  it  wu  impossiblu  to  JiHtinKuiiili  betwwii 
tlieln. 

,  ix.  83. — Has  aflun  gone  tliroiifcL  Bi:ilyaLa  iluiiuK  tlia  past  iiight,  and 
lini)  partially  bariwl  ita  cast  shell.  The  right  i^hula  now  approachea 
the  left  in  siio,  and  iiiiieed  there  is  no  greater  diKerenfe  between  them 
than  is  uanallj  round  [xe  general  table  for  measurenients).  Tlie  loft 
anteDDa  has  now  develojiod  a  llngellnm  fTom  a  spiral  rudiment,  formed 
siuce  last  ocdysia.  It  is,  howerer,  still  shorter  than  the  righL  There 
ia  an  abaenco  of  the  browu  red  colour  iu  this  Bpe<:imeTi  after  ecdyais, 
cxcFpling  Rg  ail  occaBional  faint  stain  on  aome  of  Ilie  joints  of  the 
ambulatory  limbs  and  at  the  apex  of  the  left  chela.  The  colour  of  the 
animal  is  almost  a  uniform  dult  prussian  blue.  The  parts  (suvh  as 
the  tubercles  of  the  uliels,  etc  ],  vhich  become  ultimately  more  or  less 
red,  are  now  pallid  while,  with  ■  trace  of  blue.  The  anteuiiiE  are  also 
abnormal  in  colour,  bein;;  of  a  fulTooa  ahade.  The  antenna  still 
retained  this  fulrous  shade  so  long  as  the  specimen  was  kept  under 
observation  (2S,  i.  SH). 

,  V.  81. — This  «pecimcn  passed  through  another  ecdysis  doling  the  night. 
Tlie  difference  in  length  between  the  right  and  left  pincer  joints  has 
now  been  reduced  to  I  in. 

,  I.  SI. — .\ no ther  ecdysis  during  the  iwst  night,  and  the  s^iecimeti  has 
buried  its  exuvium.  The  whole  aoimal  [B  a.ji.)  ia  of  a  unirorni  dull 
Prussian  blue  colour,  as  previously  described,  aud  nitliout  any  trace 
of  the  reil  brown  usually  found  alter  ecdysis.  The  auteunw  are 
fuNoos.  The  Khole  animal  has  iucreased  iu  size,  but  theru  is  still 
i  in.  dilferenee  betweun  the  length  of  the  right  aud  left  pincer  joints. 
The  left  But«iinA  has  iiurenaed  3  in,  iu  length  with  the  present  ecdysis, 
and  is  now  only  23  in.  shorter  tliaii  the  right 
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6,  ii.  83. — Lost  right  chela  during  the  pnst  night. 

13,  iv.  S3.— Budiment  of  leCt  chela  almut  |  in.  lung  ;  that  of  right,  j  in. 
lloth  are  pallid  white,  with  washes  of  flesh  colour.  Have  full  coniplc- 
uioDt  of  joints,  which,  howerer,  are  still  rigid.  No  trace  oT  rudiment 
of  right  antenna.  That  of  left  forms  a  short  hooked  process,  as  de- 
scribed for  Lobster  A. 

11,  V.  83.— Length  of  left  chekte  nidiineiit,  1)  in.  ;  right,  f.  In.  The 
left  is  strongly  tinged  with  pink  on  tho  pincer  Joint,  and  staiued  with 
blue  on  the  basal  joint*.  Tlie  rudimentary  left  antenna  Tonus  a  pallid 
white  process,  tho  a^iex  of  which  is  spirally  twisted  in  a  close  coil. 
The  twisted  portion  forms  an  obtuse  angle  with  tho  base,  which  is 
somewhat  conical. 

■iV,  V.  SX~Li!ii;,-th  of  left  ehohiti.-  rudituunr,  I  in.  ;  right,  j  iu.     Latter  is 
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now  lUuDecl  with  bluf.  Left  *iit«tin*  hu  daTelopail  more  coils,  and 
hu  auumed  t  pink  tinge.     Leagth  of  coiled  portioD,  \  in. 

A,  vi.  S3.— Left  clieU,  barely  1)  in.  long ;  right,  \\  in. 

1-2,  Ti.  S3.— Left  chela,  IJ  in.  long ;  right.  If,  in. 

19,  tL  83.— Left  chela,  jut  OTer  1  j  in.  long ;  right,  1^  in. 

2S,  vi.  83,— Left  chela,  1^  long  ;  right,  Ij  in.  Coiled  portion  oT  left 
antenna  \»  now  slightly  ovor  J  in.  long,  anil  the  colanr  ii  bright 
browniah  ml,  paltr  at  the  apci.  The  bnw  is  flesh  coloarcd,  with  bine 
stoinH.  The  amount  or  bine  pignient  in  the  new  chelata  limbt  haa 
rapidl;  increased,  bo  that  now  thej  are  as  dark  aa  their  nniiyured 


fellows. 


. — E^Jysis  has  taken  place  iluring  the  past  nighk     (For  measnra- 
ts  of  new  appendages,  ut  Cable. ) 

I  loBt  both  chelsB  in  a  fight  with 


i,  I.  83.— Budinients  of  both  chelate  liuihe  have  again  made  their  appear- 
ance. The  nidinienlary  nntunna  has  its  apex  arranged  in  a  spiral  of 
Tour  diTiiinishing  coils. 
[itgaiii  the  ruilimeiit  of  the  right  chck  wos  a  little  smaller  than  that  of 
the  left  During  Noirember  and  tlio  early  part  of  December  this 
ditfcrcnce  bcranie  loss  nnd  leis  marked  nntil  IS,  lii.  S8,  when  Loth 
niuasurcd  about  11  in.  in  length.  1  have  a  series  of  eight  interm»diat« 
menenrcnients,  but  as  these  ire  very  similar  to  those  taken  prior  to 
the  last  ecilysia,  it  will  not  be  ncri'sviry  Co  gire  them  hers.  At  no 
time  was  the  ditfrreuce  in  size  so  inarkeil  ■■  on  the  prerioos  oocanon, 
probiibly  Jut,  to  llt»  iwti  i^W\k  haying  bee- 
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LOBSTRR  D.  Oiven  us  inataiiee  of  normal 

Before  ecdvsia,  .        .        . 
After 

if 
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not  noted. 

I  all   taken  from  the  prteerrtd 
of  rostrum  to  posterior  edge  of 


NoTB. — Tils  preceding  n 

exnvU.  or  from  the  living  lobster. 
Length  of  carapace  is  taken  from  ti 

rarapace. 
LmgtK  of  oMoinat  U  taltBn  from  posterior  eilso  of  carapace  to  apei  of 

telsoii  (eicIuJing  fringe).     This  measiircmeiit  ia  not  ao  v xact  na  thnt 

of  cnrapoeo,  since  a  variation  ia  tlie  amount  of  DVerIn]iping  of  tlie 

abtloDiinal  aoiniteB  iii  drjjug  will  affect  the  reitillt. 
Tlie  two  measurements  togetlier  give  the  total  length. 
Chelate  Limh>.—On  account  of  difficnlty  in  meosiiring  eMPlly  the  total 

length  of  the  chelate  limba,  owing  to  increoging  flanre  with  anrcessivv 

moults,  tlie  length  of  tlie  terminal  piiicer  joint  hoa  been  given  as  n 

baa  is  for  cumpariaon. 

A  perusal  of  the  foregoing  notes  will  show  that  ray  obser- 
vations on  the  reproduction  of  lost  parts  in  the  lobster  differ 
in  several  respects  from  those  previously  recorded  for  tlie 
freshwater  crayfish.  I  now  propose  to  discuss  shortly  the 
results  arrived  at. 

Ukphoduction  of  Chelate  Limds. 
My  observations  on  the  rL'prudnctioii  of  lost  chehc  in  the 
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lultfttcir  agree  in  the  main  witli  those  of  It^ftumur.  The  new 
limb  ia  formed  as  &  protuberance  beneath  the  peUide  en- 
veloping the  scar,  and,  so  far  as  my  experience  goes,  this 
reproduction  always  takes  place  from  the  bawd  joint 
B^umur's  observations,  however,  appear  to  show  that  in  the 
crayfish,  when  the  new  limb  has  attained  a  certun  develop- 
ment, the  membrane  enveloping  it  burets,  and  the  limb  thus 
set  free  increases  rapidly  in  size  and  secretea  a  shell  for 
itself,  Tn  other  words,  I  am  led  to  conclude,  from  a  penual 
of  B^aumur's  paper,  that  the  limb  may  be  liberated  prior  to 
ecdysis.  I  am  not  aware  of  any  criticism  of  this  view  by 
other  investigators,  but  Chantran  would  seem  to  imply  that 
tlie  new  limbs  are  only  set  free  during  ecdyais.  Huxley,  in 
his  work  on  the  Crayfish,  also  states  that  the  new  limb  ta 
set  free  at  the  next  moult,  but  gives  no  reason  for  differing 
from  Btiaumur. 

In  the  case  of  the  lobster  the  liinb  is  undoubtedly  set  free 
during  ecdysis,  and  at  that  time  only.  The  membrane  in 
which  it  was  enclosed  remains  attached  to  the  exuvium,  and 
though  it  is  frequently  ruptured,  I  am  inclined  to  think  that 
this  is  sometimes,  at  any  rate,  only  an  accidental  occurrence, 
<\ue  to  the  thinness  of  the  membrane  itself.  In  the  young 
lobsters  observed,  the  rudimentary  chela,  while  still  within 
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I  point  were  both  males.  These  ftiets  must  be  borne  in  mind, 
as,  according  to  Chantran's  obaei-vationa  on  adult  crayfish, 
the  male  moults  twice  aa  often  as  t!ie  female.  Allliough  I 
have  no  definite  information  on  the  subject  for  the  lobster, 
it  appears  probable  that  a  similar  diversity  exists  in  tliia 
species. 
In  Lobster  B,  the  right  chela  was  lost  at  a  time  when  the 
left  bad  a  pincer  joint  3  inches  in  length.  After  the  next 
ecdysis  the  right  chela  was  reproduced,  its  pincer  joint 
measuring  2f  inches  in  length.  With  the  same  ecdysis  the 
left  pincer  joint  had  increased  from  S  to  3|  inches  in 
length.  After  an  ecdysis  which  took  place  four  mouths  later, 
the  left  pincer  was  3|  inches  long  and  the  right  3|  inches. 
Thus  with  the  second  ecdysis  the  difference  in  size  between 
right  and  left  pincer  joints  was  reduced  from  1  inch  to  ^  inch. 
The  next  ecdysis  did  not  take  place  until  the  following 
spring,  eight  months  after  the  second.      The  difference  be- 

»tWEen  the  two  was  then  reduced  to  \  inch,  and  after  a  fourth 
ecdysis  during  tbe  autumn  this  difference  was  maintained, 
From  these  observations  we  may  conclude  that  in  a  male 
lobster,  about  7i  inches  in  length,  if  one  of  the  chelie  is  lost, 
a  period  of  from  sixteen  to  eighteen  months  intervenes  before 
the  new  limb  attains  its  full  and  normal  development  for  a 

I  lobster  which  in  the  interval  has  attained  a  length  of  about 
9^  inches.  These  results  agree  closely  with  Chantran's 
observations  on  Astacus. 


GUOWTH   OF   ClIEL-H   LOST  AT  DlFPERENT  DATES, 
The  observations  on  Lobster  0.  afford  interesting  informa- 


I  tion  on  the  growth  of  cheh-e  lost  at  different  dates.      The  left 

V  chela  was  lost  7.  xii.  82,  and  the  right  6,  ii.  83,  practically 

two  months  afterwards.      In  the  meantime  the  rudiment  of 

the  left  chela  made  its  appearance,  and  during  the  following 

month  a  similar  rudiment  was  formed  on  the  right  side.     On 

13,  iv.  83,  the  left  rudiment  was  J  inch  long,  and  that  on  the 

I  right  side  only  ^  inch.     During  the  months  of  May  and 

I  June  the  smaller  rudiment  increased  more  rapidly  in  size 

I  than  the  one  first  formed,  until  on  26,  vi.  83,  both  were 

pTOotically  of  the  same  size,     A  few  days  later  ecdysis  •""•' 
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)>Iaoo.  ami  the  pincer  joints  of  the  new  limba  measured— 
rij:Iit  2,V  inches,  left  2,V  inches. 

It  tlius  apjtears  that  in  a  case  where  the  two  chelfe  are 
lost  at  (litVerent  times,  ami  with  a  considerable  interval  be- 
tween, the  two  new  limits  will  be  reproduced  together  at  the 
nt'M  I'l'dysi^,  if  a  siiftitient  time  iotervenes  for  the  develop- 
ment of  their  n'S|)ecttre  rudiments. 

IlEi-Rt>i>rcTio.\  OF  Ambulatoet  Limbs. 
My  oVvM^rYiitions  on  the  reproduction  of  ambulatory  limbs 
in  the  lolister  are  not  in  accordance  with  those  of  Chantran 
ft>r  Anliifux.  This  author  maintains  that  in  Astacun  the 
anibuliitorr  liui1«,  like  the  chela',  do  not  attain  their  full 
di'Yi'Ii'pnient  until  the  thinl  or  fourth  ecdysis  after  their 
rejinului'tion.  l»l>ster  B.  supplies  evidence  on  this  point. 
A  n'fiTfUOO  to  the  reconl  of  observations  will  show  that 
jirtiT  the  tH'dysis,  li''.  v,  S'A,  the  rudimentary-  ambulator;  limbs 
U\-jimo  of  the  same  size  as  their  older  fellows,  while  the 
flit'Ia'  ri'ijuiriHl  two  or  throe  other  ecdyses  to  biing  them  ap 
to  tlit'ir  uonnal  size.  This  evidence  appears  to  show  that  in 
tin*  lobster.  !tt  any  rate,  the  new  ambulatory  limbs  attain 
tlx'ir  full  dt'velopnu'iit  nt  the  first  ecdysis.  Indeed,  one 
iiii^ht  K>  Ifd  to  expect  thi^i  from  n  study  of  the  functions  of 
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ecdysia.  but  that,  like  the  chelte,  tliey  require  to  undergo 
three  or  four  eedyaes  before  the  DOrmal  size  is  reached. 
Chantraii  has  shown  that  in  the  crayfish  this  is  not  the  case, 
but  that  the  antenna:  are  there  reproduced  of  full  size  after 
the  first  ecdysis.  According  to  his  observations,  the  antennte 
are  the  only  appendages  which  are  reproduced  so  rapidly. 
A  difference  in  species  may  account  for  this  difference  in 
reproduction.  Tlie  antennfo  of  Astncus  are  relatively  much 
shorter  than  those  of  the  lobster,  and  so  may  he  capable  of 
attaining  their  full  size  after  the  first  ecdysis. 

Time  occupied  in  the  Repeoddction  of  Lost  Parts. 

Under  this  heading  I  propose  to  discuss  briefly  the  duration 
of  the  period  which  intervenes  between  the  loss  of  an  ap- 
pendage and  its  renovation  after  ecdysis.  There  appears 
every  reason  to  suppose  that  this  period  may  vary  with  the 
season  of  the  year  in  which  such  renovation  takes  place,  and 
its  duration  is  also  dependent  on  the  precise  time  at  which 
loss  occurs  in  its  relation  to  a  normal  period  of  ecdysis.  If 
an  appendage  should  be  lost  shortly  before  a  normal  ecdysis, 
it  ia  reasonable  to  expect  that  a  new  rudiment  could  not  be 
elaborated  with  sufficient  rapidity  to  be  set  free  at  the  fol- 
lowing ecdysis.  Thus  the  new  appendage  would  only  be 
■  formed  as  a  rudiment  after  the  first  ecdysis,  and  be  set  free 
at  the  second  moult.  On  the  other  hand,  if  several  months 
intervene  between  the  loss  of  an  appendage  and  the  next 
ecdysis,  the  rudimentary  appendage  usually  makes  its  ap- 
pearance dnrinjj  this  interval,  and  becomes  functional  after 
the  first  ecdysis. 

According  to  my  observations,  the  antennae,  however,  do 
not  appear  to  be  reproduced  with  the  same  i-egularity  as  the 
chelate  and  ambulatory  limbs.  Thus  in  specimen  0.  the 
right  autennal  flagellum,  which  was  lost  during  the  winter 
1382-83,  was  not  reproduced  until  the  thivd  ecdysia,  whereas 
the  left  waa  reproduced  at  the  firat.  Whether  this  occurrence 
was  normal  or  due  to  injury,  I  am  at  present  unable  to  say  ; 
but  no  injury  was  noted  at  the  time.  Spence  Bate  (9)  re- 
cords a  case  of  reproduction  of  the  flagellum  observed  by  Mr 
Xloyd  in  the  Hamburg  Aquarium,  in  which  the  new  appen- 
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dage  was  liberated  at  ecdyaia  four  months  after  loss.  He 
also  gives  a  figure  of  the  coiled  rudiment. 

With  regard  to  the  chelie,  my  observations  afford  precin 
data  in  three  instances,  which  are  as  follows : 

LuBSTEU  A. 

1.   Hoth  cLcIh:  lost  5,  iii.  S3  ;  rcproilaecd  tt  ccJyda,  25,  viil.  83; 
interval  abont  5^  montlis. 
Lobster  0. 

*■  Sir  'its ; !  "■  "■"»'-'' ..  ™.  M ;  1 '"';-'  J  7- 

3.  Itotb  ,,  H,  riii.  B3  ;  VtU  reprodnceit  25,  xii.  83;        ,,       4    „ 

It  will  be  noted  that  in  examples  Nos.  1  and  2  the  chehe 
were  lost  between  December  and  March,  that  is,  at  a  time 
wlien  the  temperature  k  low.  In  these  cases  the  interval 
was  long,  averaging  nearly  six  montha  In  the  third 
example  the  chehe  were  lost  in  the  summer,  and  were  re- 
produced four  montha  afterwards.  The  lobster,  unlike  the 
cmytish,  does  not  appear  to  refuse  food  during  any  definite 
])eriod  of  the  year,  and,  so  far  as  my  observations  go,  only 
does  so  for  a  short  time  prior  to  each  ecdyais.  Tliere  does 
not,  therefore,  appear  to  I)e  an  alternation  of  periods  of 
growth  and  rest  as  in  the  crayfish,  or,  at  any  rate,  these 
periods  are  not  so  well  marked.      Nevertheless  ecdysis  ap- 


The  deep  blue  of  the  normal  exo-skeleton  is  the  last  to  ap- 
pear. It  is  first  seen  as  faint  washes  and  patches  amongst 
the  red  about  a  month  prioi  to  ecdjais;  and  before  the  old 
exo-ekeleton  is  cast,  the  new  soft  limb  has  become  of  the 
normal  deep  blue  colour  characteristic  of  the  living  specimen. 
The  red  has  become  entirely,  or  almost  entirely,  replaced  by 
blue.  The  tuberosities  of  the  clielie,  however,  retain  a  portion 
of  the  original  tint.  This  order  in  the  development  of  the 
various  shades  of  pii,'ment  appears  to  be  constant  in  normal 
cases. 

Rupture  of  the  Carapace  dubikg  Ecdysis. 
Although  this  subject  does  not  technically  come  within 
the  scope  of  the  present  paper,  a  few  notes  on  the  process,  as 
I  have  observed  it,  may  help  to  clear  up  a  subject  on  which 
a  considerable  diversity  of  opinion  appears  to  exist  Without 
reviewing  the  literature  on  the  subject,  which  is  voluminous, 
the  diversity  of  observation  may  be  summed  up  in  the 
following  question:  "During  ecdysis  does  the  carapace  rup- 
ture along  the  median  dorsal  suture  ? "  Kt'ftumur  and  a  large 
number  of  more  recent  obsei-vers  assert  that  il  does,  and  that 
on  this  account  the  process  of  ecdysis  is  more  easily  accom- 
plished. Others,  myself  included,  have  been  unable  to  note 
any  rupture  in  the  cast  exo-skeleton.  Under  date  19,  xii.  84 
of  my  notes  referring  to  Lobster  0.,  an  account  will  be  found 
of  the  condition  of  the  exuvium  after  ecdysis.  There  woa 
no  ruptui-e  of  the  membrane,  but  the  cement  in  the  dorsal 
Hutuie  had  been  partially  dissolved.  On  this  account  the 
branchiostegites  were  allowed  a  certain  amount  of  motion, 
and  as  the  soft  parts  were  withdrawn,  no  doubt  the  membrane 
lining  the  cephalothorax  became  tense  to  such  an  extent  as 
to  allow  tlie  lobster  to  escape  easily  from  its  exuvium.  But 
it  must  be  remembered  that  this  specimen  was  by  no  means 
a  large  one.  The  cephalothorax  was  much  tlunner  than  in 
older  specimens,  Where  the  calcareous  deposit  is  compara- 
tively limited,  the  various  portions  of  the  cephalothorax  are 
capable  of  a  certain  amount  of  motion  along  the  dorsal  and 
cervical  sutures,  which  decreases  as  the  shell  becomes  thicker. 
Thus,  in  old  specimens  with  thick  sliells,  a  rupture  may  be 
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necessary  alonf;  the  dorsal  Butnro  before  the  soft  parts  can 
be  withdrawn,  vhereaa  in  younger  specimens,  vith  a  thinner 
cephalothorax,  the  absorption  of  a  portion  of  the  cement  of 
the  dorsal  suture  may  be  sufficient  to  allow  of  the  requisite 
amount  of  play.  Should  this  bethe  case,  we  have  a  aolutaon 
of  the  difficulty,  that  whereas  the  .cephalothorax  splits  along 
the  dorsal  suture  in  some  cases,  it  certainly  does  not  do  so  in 
others.  It  appears  to  me  that  the  same  argument  applies  to 
the  membranous  parts  of  the  chelate  limbs.  Whether  or 
not  these  rupture  during  ecdysis,  I  regard  as  depending 
mainly  on  age.  Tn  young  specimens  the  membranes  are 
compnratively  thin,  and  capable  of  a  considerable  amount  of 
tension  without  injury,  whereas  in  older  and  thicker  mem- 
branes rupture  may  take  place  owing  to  want  of  elastici^. 
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ElPLANATION   OF   PLATE  XVII. 


a  of  Lobster  A.,  29,  t 
la  of  LoLiBtu  0.,  11, 


83  (uatursl  ute). 
83,  Hliowiug  spiral  coil 


Fig.  1,  Rtiiiiincntmy 

Fig.  2.  Budimentary 
(natural  size). 

Fig.  3.  Cbekle  rudimeut  ot  Lobster  0„  B,  x.  63  (lialf  imlural  aiit). 

Fig.  1.  Anterior  portion  of  Lobaler  0.,  17,  Jii.  83,  showing  rehtivu 
ebelate  rudiment  [irior  to  ecdysia  (natural  «iie). 

-   Fig.  6.  Anterior  portiou  of  LobBt.-r  0.,  25,  xii.  83,  allowing  reUtivo 
chelate  limb  after  ecilysis  [natural  size). 


XXX.  Notes  on  an  Indian   Water-smake  (Eiitiydriiia  Vala- 
kadyen).     By  J.  E.  H.  Kelso,  Esq.,  M.B.,  CM. 

(Hfliid  IStli  Febnmry  1887.) 

On  May  14th,  1884,  I  was  returaiog  from  a  cruise  on  the 
river  Hooghly  iu  a  steam  kiinch,  and  had  brought  iip  at 
Howiflh,  a  town  on  the  bank  of  the  river  opposite  to  Calcutta. 
Being  low  tide,  our  party  was  rowed  ashore  in  a  dingy,  when 
I  observed  a  crowd  of  natives  on  the  bank,  standing  at  i» 
respectful  distance  from  an  object  which  they  were  scruti- 
nising intently.  This  proved  to  be  a  water-snake  {Enht/drina 
Valakadyen),  several  feet  long,  writhing  about  apparently  in 
great  agony.  After  looking  at  it  in  great  astonishment  for 
some  time,  I  thought  it  better  to  put  aii  end  to  its  struggles, 
and  so  killed  it  with  a  walking  stick.  Examining  my  speci- 
men, I  found  two  long  spines  protniding  through  its  skin. 

A  native  now  came  up  from  the  contemplative  crowd 
already  mentioned,  and  informed  me  that  the  spines  belonged 
to  a  cat-fish.  On  palpation  I  made  out  the  contour  of  a  fish 
in  the  reptile's  interior,  I  carried  the  anake  home,  and 
preserved  it  in  spirits.  The  specimen  was  kept  entire  for 
two  years,  but  a  short  time  ago  I  detennined  to  slit  up  the 
snake's  abdomen  to  show  the  fish  it  contained.  The  fish  is 
one  of  the  Siluridii',  about  7  inches  in  length.  The  two 
spines  are  each  J  of  an  inch  in  length ;  one  of  them  may  be 
seen  protruding  through  the  dorsal  surface  of  the  reptile  at 
an  acute  angle,  while  the  other  is  lying  flat,  and  closely 
'  against  the  snake's  abdomen. 


1:  if  :::;i;=? — is  Mr  Bonlan^r  remirked  when  I  showed 
1:l.  ilc  »iii-:i:ars — ibiX  the  satke  dupUred  no  more  dis- 
:!v::'.n  il&i^  lo  »w^<.w  «  tih  with  sacfa  fonnid&ble  serrated 
fV::iM :  I-t::  a:  uiy  ra:^.  it  frTinced  this  amount  of  discretion 
-.':..*.  ::  f^livri  in  \:iiizu  head  foremost.  The  large  size 
<.  i  ::.e  -i':^.  in  CL-n.{iui&:'n  to  :he  narrow  head  and  neck  of 
*.:.r  ?:.^~Ke.  ^.^^ailv  denic-nslr&ies  tlie  enormous  elasticity  of 
::.e  s»  j'.l-:wiE^  aj'j>ir..tc5  ••{  these  reptiles. 

E^  iicTi Jy  :!.*  r-.. jke  i-n  swallowing  the  siluroid  tried  hard 
:■  (-;•.■;:  ::.  the  rciu'.l  lieins;  that  the  spines  of  the  latter 
ji.ii«-l  :;.r;a^Ji  ;;?  caj-tor's  aMi<iuiual  wall ;  for  if  the  spines 
i.il  J  iviveJ  the  tissues  of  the  snake  from  being  erected  by 
::.(r  f.>h  alone,  without  any  backward  movement  on  its  part, 
•,:.ey  »vuM  certdinly  have  caused  a  rc^nt,  while  it  maybe 
>—.■:.  :;.ey  have  passv-d  thivMijh,  causing  no  linear  tear  what- 

£..' yiri,ii  rt^';"Viiii;f.i  is  oiio  of  the  iDost  poisonous  of 
:i.i-  Hy^^^  jl^iOiV.  Mr  IVnlaii^er,  at  the  Natural  History 
Mustuiu.  -vutli  Keii^in^ton, showe<1  lue  a  specimen  somewhat 
i^iLil '^i' 'US  to  miui? — viz..  a  coral-snake  il'ltips  kmniscatus) 
wiiiL-h  haiJ  sw^Ili'weil  au  AniphisKvnoid.  The  anterior  half 
•  if  the  laitt-r  is  steii  protrutUui:  through  the  side  of  its 
;i]'Ti'r.    .For  an  account  of  this  specimen  see  Proe.  Zod.  Soe., 


In  setting  about  tliia,  it  was  necessary  to  bear  in  mind  the 
following  points : 

(a.)  An  antiseptic  may  act  in  one  of  many  ways — a  very 
minute  portioTi  of  an  antiseptic  may  prevent  the  growth  and 
development  of  a  niicro-oi^Dism  in  a  nutrient  medium,  but 
the  micro-organism  may,  when  removed  from  the  presence 
and  restraining  action  of  the  antiseptic,  again  begin  to  flourish 
and  grow,  A  stronger  iintiseptic  may  kill  the  micro-oiwaiiism 
outright,  and  so  on.  One  must  therefore  find  a  method  by 
which  one  is  enabled  to  determine  in  what  way  tlie  anti- 
septic acts;  that  is,  it  must  be  possible  to  leave  the  antiseptic 
to  act  on  the  micro-organisms  in  one  cose,  whilst  in  another 
it  must  be  possible  to  get  rid  of  tlie  whole,  or  by  far  the 
greater  part  of  the  antiseptic,  and  then  see  whether  the 
organism  will  begin  to  grow  or  not. 

(h.)  Another  point  to  be  attended  to,  is  that  during  the 
whole  of  the  manipulation  there  shall  be  as  little  exposure 
of  the  materials  with  which  one  is  working  as  possible. 

(r.)  The  process  should  be  available  for  use  with  either 
fluid  or  solid  media,  and  the  results  should  be  easily  observ- 
able and  readily  followed. 

The  method  of  procedure  I  adopt  is  as  follows ; — Take  two 
or  three  dozen  test-tubes  of  exactly  the  same  size  (I  have 
found  that  J-inch  test-tubes  6  inches  long  are  perhaps  the 
best) ;  wash  them  thoroughly  with  a  dilnte  acid,  then  with 
ammonia,  and  lastly  with  distilled  water ;  allow  them  to  dry, 
plug  them  with  cotton  wadding  in  the  ordinary  manner,  and 
place  them  in  the  hot-air  steriliser,  where  they  should  be  kept 
for  an  hour  or  two  at  a  temperature  of  150°  C.  to  160°  C. 
Tliese  are  to  lie  kept  at  hand  for  use  as  afterwards  described. 

If  it  is  wished  to  use  a  solid  medium,  either  gelatine  or 
agar-agar  may  be  used,  J-inch  test-tubes  again  being  used. 
The  medium  may  be  allowed  to  "set,"  with  the  tube  in 
either  the  vertical  or  in  the  sloping  position  as  required. 

If  a  fluidmedium  is  to  be  used,  the  J -inch  test-tubes  should  be 
partially  filled  (2  inches),  as  in  the  case  where  gelatine  is  used. 

Next  take  pieces  of  thin  glass  rod  about  5  or  6  inches  in 
length,  and  into  the  end  of  each  fuse  a  piece  of  thin  platinum 
wire  about  2  inches  in  length,  on  which  have  been  formed  a 


388  Proeeeditiffs  of  the  Botfol  I%jf>ieal  Soetety. 

couple  of  loops,  one  near  each  end  of  the  wire  (Fi^  1, 
Plate  XVIII.).  To  these  loops  are  tied  the  ends  of  short 
silk  threads,  so  that  for  the  greater  part  of  the  length  of  the 
wire  there  is  a  thread  mnning  parallel  with  it.  Around  the 
rod  near  its  upper  end  wrap  a  layer  of  cotton,  so  arranged 
that  when  the  rod  is  introduced  into  a  }-incb  test-tnbe  the 
wadding  acts  as  a  plug.  The  whole  is  then  sterilised  io  the 
hot-air  chamber  as  above  (Fig.  2,  Plate  XVIII.). 

lastly,  prepare  a  few  dozen  J-inch  test-tabes  by  washing 
them  thoroughly,  then  filling  them  for  a  couple  of  inches  with 
distilled  water ;  plug  these  with  cotton  wadding,  and  sterilise 
them  in  the  steam  chamber. 

Everj'thing  is  now  ready.  Suppose  it  is  wished  to  deter- 
mine tlie  action  of  a  solution  of  some  antiseptic  on  any 
specific  bacterium,  say  the  liacterium  Termo,  This  may  be 
done,  eitlier  by  leaving  the  antiseptic  to  continue  its  action, 
or  it  may  be  allowed  to  act  on  the  micro-organism  for  a  short 
time  only.  In  the  first  case  pour  a  small  portion  of  the  fluid 
in  which  the  B.  Termo  has  been  cultivated,  into  a  shallow, 
clean,  sterilised  dish,  wliich  may  be  covered  with  a  flat  plate. 
Also  pour  a  quantity  of  the  antiseptic  fluid  to  be  used  into 
one  of  the  test-tubes  previously  sterilised,  and  replace  the 
plug.      Now  withdraw  one  of  the  wires  from  its  test-tube. 
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used,  it  exerts  any  deterrent  action  on  the  growth  of  the 
micro-organism. 

If,  however,  it  is  desired  that  the  effects  of  a  re-agent 
acting  for  a  short  time  only  should  he  determined,  the  nietliod 
of  procedure  is  as  follows : — After  allowing  the  thread  to 
remain  for  the  speci&ed  time  in  the  antiseptic  fluid,  it  is 
transferred  to  a  test-tube  in  which  the  sterilised  distilled 
water  hiis  been  prepared.  Here  it  iy  well  shaken  up,  and 
then  allowed  to  remain  for  live  or  ten  minutes,  after  which 
it  may  be  passed  through  one  or  two  other  waters  in  just 
the  same  fashion,  It  is  then  transferred  to  the  nutrient 
medium,  and  carefully  watched  from  day  to  day. 

Whichever  method  be  used,  control  experiments  must 
always  be  carried  out.  A  thread  must  be  passed  through 
the  solution  of  micro-organisms,  and  then  into  a  nutrient 
medium.  Other  threads  should  be  passed  through  the 
B.  Temto  solution,  then  through  one,  two,  three,  or  even  more 
distilled  waters,  as  may  be  thought  necessary,  and  then  into 
the  nutrient  media;  and  the  growths  resulting  in  all  these 
cases  should  be  compared,  both  as  regards  rapidity  and 
luxuriance,  with  any  that  may  appear  in  the  other  experi- 
mental tubes. 

The  results  obtained  in  a  large  number  of  experiments 
have  proved  most  satisfactory,  and  in  all  it  has  been  demon- 
strated that  the  method  has  the  following  advantages,  Tlie 
apparatus  required  is  comparatively  simple  and  easily  ob- 
tained or  manufactured.  The  various  re-agents,  etc,  being 
placed  in  tubes  of  the  same  size,  and  the  glass  rod  which 
carries  the  wire  having  its  own  plug  attached,  the  thread  can 
be  transferred  from  medium  to  medium  with  great  rapidity, 
and  with  little  danger  of  coming  in  contact  with  other  foreign 
particles,  so  that  the  thread  is  never  touched  by  anything 
except  the  materials  with  which  we  wish  it  to  come  into 
contact.  No  extra  wkes,  no  forceps,  or  anything  are 
necessary.  The  thread  may  be  plunged  into  a  mass  of 
nutrient  jelly  or  lluid,  so  that  the  growth  may  take  place 
along  the  track  of  the  needle  and  thread,  or  it  may  be  allowed 
to  lie  on  the  surface  of  agar-agar  or  gelatine,  and  «  surface 
growth  may  be  so  obtained. 
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By  using  floaka,  the  necka  of  whicli  are  the  same  size  as 
the  bore  of  the  test-tube,  the  action  of  gases  on  micro- 
organisma  may  be  determined;  and  with  other  alight  modiS* 
cations,  which  are  at  once  apparent,  the  method  may  he 
adapted  for  the  action  of  heat,  modified  or  increased  pressure 
conditions,  and  ao  on.  So  far,  I  have  had  extenaive  experi- 
ence of  the  uae  of  the  method  with  fluids  only,  but  that 
has  been  in  alt  coses  most  satisfactory.  The  small  number 
of  experiments  where  gases,  heat,  etc.,  have  been  employed, 
have,  however,  given  most  encouraging  results. 

EXI'LANATIOS   OF   I'LATE  XVIII. 

Fig.  1.  GI«Mrod,  vith  [Jatinuiu  wire  and  tliread  [ejatUcLed  toli>op*{iJ,  d). 

Fig.  2.  Tcst-tubo  coDtaJDiiig  nutrient  jelly,  into  wliicli  is  introduced  the 

g1as»  rod  ('()  surrounded  b;  plug  of  cotton  wadding  {b).     Fuwd  inU  the  end 

of  thi  rod  in  the  jilatinam  tienllo  (t),  witli  a  «)U]>le  of  loops  (d,  rf],  to  which 

kre  attached  the  enda  of  silk  tbroad  by  Bingla  knots. 
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Wednesday,  2\st  December  1887. — Professor  DtrNs,  D.D,, 
F,E.S.E.,  Vico-Preaident,  in  the  Chair. 

The  CnAlRMAN  delivered  the  following  address : 

Gkntleheh, — This  is  the  third  occasion  on  wliicli  I  have 
had  the  honour  to  deliver  the  Address  from  the  Chair  at  the 
opening  of  a  new  Session — twice  as  President,  and  now  as 
retiring  Vice-President.  In  1870-71,  the  centenary  Session 
of  the  Society,  the  Address  was  devoted  to  a  sketch  of  the 
life  and  work  of  Sir  James  Y.  Simpson,  a  former  President, 
and  to  an  attempt  to  estimate  the  value  of  the  diacoveriea  in 
marine  zoology  of  Dr  Thomas  Strethill  Wright,  also  a  former 
President,  who  at  the  time  was  still  spared  to  science,  but 
whose  original  observations  were  somewhat  unfairly  being 
accredited  to  others.  In  the  Address  at  the  opening  oi' 
Session  1880-81,  the  subject  dealt  with  was  "The  Begin- 
nings of  Scottish  Natural  Science," — running  the  lines  of 
observation  and  discovery  up  to  1684,  the  date  of  Sir  Robert 
Sibbald's  great  work,  " ScoUa  Illusirata"  and  using  the 
occasion  for  a  sketch  of  Sibbald's  life.  I  refer  to  these 
matters  mainly  to  get  an  opportunity  to  say,  that  when 
called  to  face  the  duty  of  this  evening.  I  thought  it  might 
be  both  profitable  and  stimulating  to  devote  the  present 
address  to  an  outline  of  the  life  of  our  late  distinguished 
VOL.  IX.  2  ti 
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Secretary,  introductnry  to  an  estimate  of  his  contribiitioDS  to 
Scottish  ornothology.  But  as  the  materiala  for  this  were 
not  80  readily  available  as  Iiad  been  thought,  the  intention 
was  given  up.  Reference  will,  however,  be  made  to  him  in 
anotlier  connection. 

In  the  course  of  the  present  year  the  Society  has  lost  by 
death  several  highly  esteemed  Fellows, — two  of  whom  had 
laboured  long  and  earnestly,  and  with  rare  devotion,  in  its 
interests ;  and  other  two  who,  though  seldom  at  our  meetings, 
deserve  some  notice. 

1.  George  Freeland  Barbour,  Esquire  of  Booskeid  and 
Gryffe,  was  born  in  Glasgow  in  1810,  and  died  at  his  town 
residence,  11  George  ^>quare,  Edinburgh,  in  January  last. 
He  was  educated  in  Glasgow.  After  attending  the  arts' 
course  in  the  University  of  Glasgow,  he  went  to  Manchester, 
where,  with  his  brother,  the  late  Robert  Barbour  of  Boles- 
worth  Castle,  Cheshire,  he  founded  the  well-known  mercantile 
firm  that  still  bears  their  names,  lu  18i6  he  retired  from 
business,  and  came  to  dwell  in  Edinburgh,  where  he  was 
soon  widely  known  as  a  cultured  Christian  gentleman,  ever 
forward  in  works  of  religious  beneficence  and  practical 
philanthropy.  Mr  Barbour  joined  this  Society  in  1849.  He 
was  also  a  Fellow  of  the  Koyal  Society  of  Edinburgh.     Hia 
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2.  William  Drown,  F.I1.C.S.E.,  F.RS.E.,  r.S.A.Scot.,  was 
bum  at  Ediuburgh  in  1796,  and  died  in  January  1887.  He 
had  dropped  out  of  our  list  of  Fellows  a  good  while  before 
his  death,  but,  remembering  hia  presence  here  when  I  first 
became  a  Fellow,  and  having  a  very  pleasant  recollection  of 
ft  Paper  read  to  us,  and  printed  in  our  Proceedin-ji,  I  was 
unwilling  to  leave  out  hia  name  from  this  address.  He  was 
the  son  of  William  Brown.  M.D„  F,B.C.S.E.,  an  Edinburgh 
practitioner.  Mr  Brown  himself  practised  as  a  medical  man 
in  Edinburgh  from  1817  to  1884,  when  he  retired.  An  old 
friend,  John  Stuart,  Esq.,  W-S.,  says  of  Mm,  "  I  have  had 
occasion  to  peruse  a  great  deal  of  his  correspondence,  and 
though  I  knew  Mr  Brown  from  my  infancy,  I  was  astonished 
ttj  learn  how  wide  his  aympatliiea  were,  how  large  a  number 
of  subjects  of  a  great  variety  of  kinds  he  was  well  informed 
in,  and  how  tolerant  he  was  of  opinions  with  which  he  did 
not  agree."  In  an  interesting  biographical  notice  by  Dr 
Lowe,  of  the  Edinburgh  Medical  Missionary  Society,  the 
following  paragraph  occurs, — "  Mr  Brown  especially  identi- 
fied himaelf  with  the  furtherance  of  the  cauae  of  Medical 
Missions.  At  the  inaugural  Meeting,  held  in  1841,  he  was 
elected  a  Director;  and  in  1849,  on  the  death  of  Dr  Beilby, 
he  became  president  of  the  Society,  which  oBice  he  retained 
till  his  death." 

A  good  idea  of  Mr  Browji'a  habits  of  observation  and 
research  may  be  got  from  two  of  bis  Papers — one  read  to 
this  Society.  March  28,  1866,  and  another  entitled  "Notes. 
and  Recollection  3  of  the  Tolbooth  Chui'ch."  The  former  is 
a  model  animal  biography ;  the  latter  is  brimful  of  antiquarian 
gossip,  Mr  Brown  was  a  man  of  great  simplicity  of  char- 
acter, and  never  seemed  happier  than  when  helping  others. 
"  He  had  a  good  report  of  all  men  and  of  the  truth  itself." 

3.  By  the  death  of  Mr  Robert  Gray,  late  V.P.I£.S.E., 
F.S.A.Scot.,  etc,,  we  have  sustained  a  loss  so  great  that  it  can 
hardly  be  put  in  words,  About  the  only  element  of  rest  in 
looking  at  it,  as  scientific  workers,  is  the  consideration  that 
so  long  as  there  is  devoted  and  aelf-denying  work  to  be 
done,  all  the  paat  warrants  the  anticipation  that  there  will 
be  agenta  to  do  it,     Mr  Gray  was  a  model  Secretary — a  man 
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of  allaira,  frank,  genial,  wide  of  view,  with  a  taste,  I  had 
almost  Bftid  &  greed,  for  details,  untiring  zeal,  and  a  patience 
which  trial  only  strengthened.  The  Society  has  been  singa- 
larly  fortunate  in  ita  secretaries.  Three  names  stand  oat  in 
its  recent  annals — Wyville  Thomson,  John  Alexander 
Smith,  and  Bobert  Gray,  each  of  whom  devoted  much  time, 
excellent  business  talent,  and  varied  attainments  as  natur- 
alists to  the  interests  of  the  Society.  All  were  enthusiastic 
men  of  science;  each,  however,  had  his  specialty,  bat  each 
was  free  from  the  narrowness  and  very  limited  outlook 
which  are  so  often  the  accompaniment  of  mere  specialism, 
because  each  had  learned,  that  all  the  things  in  the  great 
field  where  their  specialty  had  found  them,  are  more  or 
less  closely  related.  Thus  their  wide  sympathy  with,  and 
their  intelligent  interest  in,  workers  of  all  sorts  in  these 
departments  which  chiefly  occupy  the  attention  of  this 
Society.  Themselves  unselfish,  earnest  workers,  they  could 
rightly  appreciate  painstaking  industry,  and  unflag^ng  effort, 
even  in  those  whose  happiness  almost  seemed  to  lie  in  going 
out  of  their  way  to  let  the  Secretary  know  tliat  they  had 
little  respect  for  his  phase  of  observation  and  research. 

Mr  Gray  was  born,  and  as  a  boy  was  educated,  at  Ditnbar. 
He  early  entered  the  service  of  the  City  of  Glasgow  Bank, 
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"These  prices,"  he  once  said  to  me,  apmpos  of  the  ex- 
travagant sums  that  were  being  paid  for  hooka  seUing  at  the 
time  in  London,  "  are  enormous.  I  would  like  to  have  the 
hooka,  but,  only  think  of  it !  one's  library  would  need  more 
watching  than  the  hank." 

But  it  waa  as  a  distinguished,  scientific  ornithologist  that 
Mr  Gray  was  best  known,  and  as  such  he  will  continue  to 
be  remembered.  Hi3  oft-hand  notices  at  this  table  of  rnro 
species  and  varieties,  but  chiefly  his  "  Birds  of  the  West  of 
Scotland,"  bear  emphatic  testimony  to  his  sterling  qualities 
as  a  naturalist,  to  the  breadth  and  balance  of  his  mind  as  an 
observer,  and  the  fulness  of  his  furnishing  in  the  systematic 
knowledge  and  the  literature  of  ornithology  as  an  author. 
His  descriptions  are  as  clear  and  crisp  aa  deiiuitious.  The 
work  abounds  in  proofs  of  his  extensive  information,  keen- 
ness of  eye,  tlisciiminating  judgment,  long  familiarity  with 
the  habits  of  birds  in  their  favourite  haunts,  and  of  a  memory 
singularly  retentive,  even  of  minute,  specific,  and  variety 
features.  All  tliis  could  not  fail  to  make  Itobert  Gray 
what  he  had  become, — a  foremost  authority  in  recent  Scottish 
ornithology, 

4.  To  institutions  as  to  individuals  adverse  circumstances 
seldom  come  singly.  The  remark  lias  become  trite  by  being 
in  experience  so  often  true.  It  has  been  so  with  our  Society. 
The  loss  sustained  by  the  death  of  our  Secretary  is  intensi- 
fied by  that  of  his  assistant,  Mr  John  Gibson,  of  the  Natural 
History  Department  of  the  Musenm  of  Science  and  Art,  a 
comparatively  short  time  after.  Mr  Gibson  was  admitted  a 
Fellow  in  ISG'J,  Mr  Gray  in  1874.  Mr  Gibson  was  an 
accomplished  student  of  natural  science,  a  man  of  exact  busi- 
ness habits,  with  a  mtnd  stored  with  the  facts  of  several 
branches  of  science.  He  was  in  every  way  peculiarly  well 
qualified  to  act  along  with  Mr  Gray  in  conducting  the  busi- 
ness of  the  Society.  Holding  a  position  in  which  accuracy 
of  detail  must  keep  in  line  with  much  general  knowledge, 
Mr  Gibson  had  rapidly  ripened  in  qualities  which  not  only 
made  him  a  most  intelligent  expert  in  his  proper  work,  bat 
which  fitted  him  for  the  popular  interpretation  of  science, 
for  divesting  its  facts  of  a  somewhat  forbidding,  but  for 
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puivly  scientific  purposes,  necessary  terminoloj^,  stating 
tlieiu  in  good  Saxon  speech,  and  bringing  them  witliin  the 
ken  of  that  ^rent  constituency  whose  information  is  so  olteo 
fur  nhead  of  their  education,  and  who  really  form  the  chief 
struiigth  of  the  stute.  In  the  midst  of  the  engrossment  of 
his  diiily  avocations  lie  had  already  done  much  in  this  direc* 
lion,  and  had  given  large  promise  of  mucli  mor&  I  r^ret 
that  almost  my  only  intercourse  with  Mr  Gibson  was  in  this 
room,  before  and  after  the  meeting  of  the  Society.  Occasion- 
ally we  walked  part  of  our  way  home  together,  and  at  aucb 
tiuu'S  I  was  struck  with  his  quiet  and  retiring  disposition, 
and  with  the  happy  knack  lie  had  of  referring  to  views  from 
which  he  dillured,  without  the  least  bitterness  or  want  of 
charity  to  those  who  held  them.  I  once  heard  Sir  James 
Siiiipsoii  siiy  of  a  thoughtful  medical  man  who  died  young, — 
"  lU'  was  Mrr  tliau  sonic  of  us  that  are  twice  hta  age ! " 

"  W  live  in  J^wls,  not  ypnra ;  in  Ihonght*,  not  breittbi. 


Mr  (iray  and  liis  assistant  both  joined  the  Boyal  Physical 
when  it  was  iu  the  heart  of  one  of  those  conditions  of 
duclino,  to  which  most  institutions  that  are  not  buttressed 
by  endowments  and  au  uulliictiiating  ainiual  i 
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Young,  have  M.D.  added  to  their  namea;  the  other  sixteen, 
Thomas  Melville,  Thoraaa  Smith.  Jamys  French,  James 
Wood,  llobcrt  Stewart,  Alexander  Muir,  James  Dick,  Henry 
W.  Tytler,  Malcolm  Macqueen.  Arthur  Taafe,  Daniel  Gibb, 
Thomas  Thorburn,  Jamoa  Webster,  George  Home,  William 
Manuel,  and  William  Keir,  have  no  designation.  The  times 
were  stirring  in  science,  and  their  inrtuences  were  bearing 
in  on  the  minds  of  the  young.  In  1788,  the  Society  assumed 
the  title  "  Royal "  under  charter  gi-anted  by  the  Crown.  The 
membership  liad  meanwhile  increased,  and  was  bulking 
out  in  the  eyes  of  students.  Thua  between  1771  and  1788 
we  find  such  names  among  its  Fellows  as  Benjamin  Bell, 
Alexander  Monro,  J,  Hope,  Joseph  Black,  Frances  Home, 
James  Gregory,  etc.  Ever  since  its  foundation  it  has,  as  it 
does  now,  stood  in  close  relations  to  the  University.  Thus 
many  of  the  University  Professors  have  occupied  its  chair, 
and  through  them  and  under  other  iuHuences  many  students 
were  enrolled  as  Fellows,  who  having  completed  their  curri- 
culum removed  to  otlier  localities,  or  left  Britain  for  positions 
of  intluence  abroad.  Out  of  sight  out  of  mind.  Their  names 
gradually  dropped  from  the  list  of  Fellows,  and  the  funds 
of  the  Society  suffered  in  consequence.  It  is  not  alleged 
that  the  fact  referred  to  here  is  the  only  cause,  though  a  true 
one,  of  the  diSiculties  into  which  as  a  Society  we  have 
periodically  fallen.  In  other  departments  Llian  those  wtlh 
which  we  specially  concern  ourselves  corresponding  ex- 
periences have  a  place.  Revivals  often  come  apparently 
unasked  for,  and  are  succeeded  by  periods  of  reaction  earnestly 
unwished  for.  What  the  principles  are  that  underlie  these, 
and  the  forces  which  determine  them,  are  far  from  plain. 
They  can  only  be  obscurely  guessed  at.  But,  waving  all 
speculation  as  to  this,  I  am  anxious  to  give  prominence  to 
the  origin  and  cause  of  one  tendency  which  has  been  in- 
fluential throughout  the  long  period  of  our  history,  and  which 
operates  still,  and  is  still  as  in  the  past  apt  periodically  to 
become  acute.  Is  there  a  remedy  ?  When  Mr  Gray  became 
Secretary  he  set  himself  to  neutralise  the  tendency  and  to 
provide  a  remedy.  This  he  saw  could  only  be  done  in  one 
way,  so  long  as  there  was  no  reserve  fund  to  draw  on  till 
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the  cmis  passed.  ThU  was  by  a  large  inciessa  in  the 
Dumber  of  Fellows ;  and  this  he  kept  before  him  and  tried 
to  press  persiatently  on  others,  throughout  the  period  of  his 
busy,  painstaking,  enthusiastic,  and  consequently,  as  &r  as 
numbers  went,  successful  efforts.  This  seems  to  me  to  be 
one  lesson  to  be  learned  from  bis  work  qua  Secretary.  But 
there  is  another  side  to  this.  Several  years  ago  I  took 
occasion,  when  congratulating  him  on  the  appearance  of  a 
billet  containing  an  unusually  large  number  of  names  of 
candidates,  to  point  out  that  several  of  these  were  names  of 
men  who  were  hastening  to  win  their  spurs  in  a  noble  race, 
and  would  no  doubt  favour  us  with  papers  of  much  scientific 
%'alue,  but  would  expect  them  printed  in  exffluo,  and  even, 
}>crhaps,  illustrated  at  the  Society's  expense.  "  Bo  you  as  a 
banker,"  I  said,  "  think  that  the  comparatively  small  annual 
teu  will  suffice  for  this  ? "  "I  hardly  think  so,"  was  his 
reply,  "  but  we  must  try  and  get  more,  and  hope  the  best  I " 
Now  here  we  have  the  very  men  of  whose  Fellowship  this 
or  Any  learned  Society  might  be  proud,  by  their  accession  to 
our  numbers  either  doubling  our  publishing  account,  or 
I'oming  to  entertain  feelings  of  disappointment  in  not  having 
their  I'a^ters  fully  and  speedily  printed.  Is  there  a  remedy? 
I  have  said  we  have  no  endowments.  When  honoured 
recently  by  Dr  Gunning,  a  Fellow  and  former  President  of 
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branches  of  study  and  leaearcli.  This  has  in  the  past  raarked 
the  whole  history  of  the  Society.  It  was  here  that  Simpson 
nnd  Carpenter,  and  Edward  Forbes  and  John  Goodsir.  and 
Wyville  Thomson  and  Strethill  Wright,  and  others,  planted 
their  feet  ou  the  first  rungs  of  that  ladder  on  which  they 
climbed  so  high!  And  that  this  feature  of  our  influence 
and  usefulness  is  as  broadly  marked  at  present  aa  it  ever 
waa,  is  beyond  all  doubt.  "  There  were  brave  men  before 
Agamemnon,"  and  there  have  been  many  since.  I  could 
name  a  goodly  band  of  young  workers  among  our  Fellows, 
even  fuller  of  promise  than  the  distinguished  men  just 
named  were  at  a  corresponding  time  in  their  career,  from 
whom  we  are  entitled  to  expect  much,  and  from  whom 
already  we  have  got  much.  Should  we  not  then  bestir 
ourselves,  and  insist  on  sharing  in  any  grants  made  by 
the  State  for  the  eocotiragement  and  promotion  of  Scottish 
science  2 

Perhaps  the  interests  of  Scottish  science  have  snffered 
from  want  of  united  efibrt  on  the  part  of  our  learned 
Societies,  I  have  a  strong  conviction,  that  if  we  were  to 
present  a  united  front  to  the  age,  we  would  have  far  more 
influence  than  we  have  at  present  with  the  government  of 
the  day,  and  fat  more  influence  also  in  determining  and 
guiding  the  aeit  geist — the  temper  of  the  time — on  the  side  of 
the  interests  of  science.  Were  the  Royal,  the  Royal  Physical, 
the  Botanical,  the  Geological,  the  Meteorological,  and  the 
Royal  Geographical  federated  under  the  designation  SCOTTISH 
Academy  of  ScibncE3,  the  position  of  cold  isolation  in 
which  they  severally  stand  to  each  other  would  be  removed, 
and  united  action  could  readily  be  taken,  whenever  the 
interests  of  all,  or  of  any  one,  demanded  it.  But  incorpora- 
tion would  frustrate  the  ends  in  view.  Thus  each  would 
preserve  its  own  funds,  elect  its  own  council  and  president, 
meet  and  transact  its  business  under  its  own  council  as  at 
present,  and  let  the  several  councils  be  the  constituency  for 
electing  a  distinguished  man  of  science,  of  letters,  or  of  rank, 
as  President  of  the  Academy, 

Now  this  may  all  seem  little  likely  at  present,  but  cer- 
tainly it  is  not  less  likely  than  the  fruit  of  Fleming's  sug- 
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geetioii,  made  in  the  Address  delivered  by  him  at  the  opening 
of  our  Society  in  Session  1849-50,  when  he  so  earnestly 
n^ed  the  duty  of  steps  being  taken  by  our  pnblic  bodies 
and  others  to  bring  under  the  Dotice  of  Government  and  the 
country  the  want  of  a  National  Museum  for  Scotland.  It 
was  the  Boyal  Physical  that  took  the  first  well-defined  step 
towards  the  realisation  of  the  Museum  of  Science  and  Art. 

The  scheme  thus  presented  in  broken  outline  may  seem 
v^ue  euough,  but  it  is  not  fanciful.  And,  I  am  quite  sure, 
that  to  present  it,  so  as  to  set  it  before  you  as  if  in  working 
detail,  would  show  that  it  has  advantages  both  as  r^ards 
the  actual  work  of  science,  and  the  inflaence  of  science  on 
public  thought  and  the  public  interests  of  the  time,  as  might 
make  it  to  be  desired  by  most  who  take  a  hearty  and  intel- 
ligent interest  in  them. 

But,  drawing  back  from  such  a  far  outlook,  let  me  glance, 
if  only  at  the  surface  of  some  of  the  active  influences  in  the 
midst  of  which  we  at  present  work — influences  which, 
whetlier  we  will  or  no,  colour  our  views,  for  even  those  of 
strongest  will  and  steadfast  self-reliance  cannot  wholly  resist 
the  power,  fascinating  or  repcllant,  of  environments.  We 
may  be  ever  on  the  alert  to  banish  bias,  and  may  succeed 
in  satisfying  ourselves  that  we  have  done  so.  But  this  may 
be  the  surest  proof  to  olliers  of  utttr  failure  in  this  direction 
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logic  dealt  have  been  set  in  other,  their  true  relations,  by  the 
diacoverj'  of  new  facta.  Strong  confidence  in  speculative 
views  then  current  has  given  place  to  hesitancy ;  generalisa- 
tions held  unassailable  have  been  found  unwarranted  by  the 
data  appealed  to  in  their  behalf;  progress  has  been  setting 
up  its  way  marks  by  the  explosion  of  old  errors  and  the 
revival  of  loug-ueglected  truths ;  knowledge  baa  increased ; 
the  domains  of  science  have  been  increased  and  widened, 
Old  facts  have  been,  and  are  being,  set  in  new  relations,  and 
in  the  altered  relations  tliey  stand  out  in  new  and  striking 
lights.  Things  but  recently  undreamed  of  have  become  com- 
mon-place realities.  Aspects  of  thought  which  a  few  years 
ago  were  no  more  than  the  bodying  forth  of  strong  imagina- 
tion, are  now  current  as  undisputed  truths.  It  is  well  if 
honest  workers  can  in  the  midst  of  such  changes  keep  the 
heart  and  the  habit  to  assimilate  the  elements  that  have 
become  potential  by  the  new  circumstances  and  the  new 
relations,  and  all  through  the  changes  retain  not  identity 
only,  but  power  also — power  to  swim  against  any  tide  which 
would  sweep  from^them  that  consciousness  of  manly  individu- 
ality, and  that  force  of  free  will,  which  are  their  heritage  as 
true  men.  Dead  fish  swim  with  the  tide.  And  if  workers, 
especially  young  workers,  so  many  of  whom  are  on  our  roll 
as  Fellows,  may  hope  to  keep  clear  of  that  rapid  siieculative 
rush  which  at  present  meets  us  in  biology,  it  will  only  be  by 
unswerving  homage  both  to  the  laws  and  the  limits  of  true 
method — painstaking  observation  in  order  to  legitimate  in- 
ference, and  inference  in  order  to  deduction,  or  the  exhibition 
of  law. 

Writing  in  July  last.  Max  Milller  said,  "  Definition  is  the 
only  panacea  for  all  our  present  philosophical  misery."  But 
the  first  step  towards  a  definition  of  several  most  vital  points 
in  current  biology  shows  definition  itself  to  be  impossible, 
because  all  workers  acknowledge  that  the  points  themselves 
suggest  relations  that  are  not  yet  thorouglJy  known.  And 
the  consequence  too  often  is  a  crop  of  mere  assumptions  for 
which  there  ia  no  warrant  but  a  subjective  one — the  mental 
bent  of  the  student,  Thus  amidst  all  the  lavish  riches  of 
'  recent  science,  aud  even  the  clear  exhibition  of  true  method. 
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you  have  to  face  no  end  of  aasumptions  in  support  of  which 
aasertioas  are  substituted  for  true  evidence.  "  The  shadows 
of  the  night  are  projected  into  the  noon."  The  speculative 
rush  deepens,  and 

"Kddc  ratio  null*  Mt  rMt4Ddi,  nulla  fwolUa." 
Thus  the  attention  of  students  is  in  danger  of  being  tamed 
away  from  solid  and  profitable  work,  and  substantial  pro- 
gress is  greatly  hindered.  It  would,  indeed,  be  absurd  to 
attempt  to  divorce  philosophy  from  observational  branches 
of  science.  Thia  is  beyond  our  power.  But,  were  it  within 
our  power,  it  would  be  most  undesirable.  Because  it  ia 
when  observation  allies  itself  with  philosophy  that  bare 
knowledge  becomes  vitalised,  that  the  thoughts  which  under- 
lie phenomena  become  as  real  to  ns  as  our  own  thoughts 
are,  and  that  we  get  in  touch  with  the  very  highest  function 
of  philosophy  itself,  that,  namely,  which  brings  to  the  front 
the  all  but  universal  conviction  tliat  the  laws  which  deter- 
mine and  control  the  inter-dependencies  aud  inter-relations 
of  being  are  the  fruit  of  personal  thought  and  forethought. 
Hilt,  even  assutniiig  all  the  advantage  held  to  lie  in  this,  it 
is  still  true,  that  much  of  the  present  unrest  among  students 
touching  life  and  its  modes  of  manifestation  is  to  be  traceil 
to  the  increase  of  generalisations  in  these  subjects,  whose 


An  Ornithfilogieal  Visit  to  the  Ascrib  Ishnids.         403 

until  lately,  when  my  friend,  Mr  Harvie-Brown,  suggested 
that  I  should  re-write  them  in  a  more  permanent  form,  and 
at  the  same  time  allowed  me  to  use  his  notes.' 

Aboat  four  in  the  morning  of  June  23,  1883,  wo  found 
ourselves  becalmed  about  four  miles  to  the  north  of  the 
outermost  of  the  Ascrib  Islands ;  so  after  breakfast  the  dinghy 
was  lowered,  and  I  landed,  with  two  of  the  crew. 

The  Ascrib  group  forms  an  irregular  chain  of  islets,  the 
general  direction  being  about  norlh-north-west  and  south- 
south-eaat,  or.  roughly,  north  and  south  by  the  compass. 
The  two  ends  of  the  chain  curve  slightly  to  the  west.  The 
group  is  situated  near  the  entrance  of  Loch  Snizort,  and  lies 
a  little  nearer  to  the  west  side  than  to  the  east 

We  pulled  for  the  outermost — Eilean  Eashal — and  landed, 
hut  did  not  stay  very  long,  aa  the  birds  observed  were  not  of 
special  interest  to  me,  as  I  wished,  if  possible,  to  procure 
the  eggs  of  Procellaria  jidagtca,  which  bird,  I  learned,  bred 
on  the  Ascribs,  and  the  next  island  looked  more  likely 
breeding  ground  for  it.  All  round  Eilean  Eashal,  at  high- 
water  mark  and  above  it,  were  immense  (juantities  of  boul- 
ders and  slabs  of  rock,  from  under  which  I  took  a  few  black 
guillemots'  eggs,  of  which  species  there  was  a  large  colony. 
Mr  Harvie-Erown  paid  much  more  attention  to  this  island 
than  I  did,  and  more  especially  to  the  enormous  number  of 
black  guillemots  which  breed  there.  He  says :  "  I  counted 
round  the  shore  of  No.  1,  141  birds  (black  guillemots),  and 
very  few,  if  any,  of  these  were  counted  twice  over,  as  they 
move  very  little  from  one  part  of  the  coast  to  another,  but 
keep  to  their  own  breeding  grounds.  In  one  bay  I  counted 
37.  If,  say,  141  more  birds  are  supposed  to  have  been 
sitting  on  their  eggs  among  the  stones,  we  may  safely  reckon 
the  colony  at  130  pairs  on  Ho.  1  alone."  This  island  is  not 
high,  rather  flat,  and  covered  with  grass,  as  are  all  the 
others,  except  the  mere  skerries. 

Leaving  this  island,  we  pulled  for  the  next  one  in  the 

chain — Eilean  Craigeacb.     This  is  a  larger  island  than  the 

last,  with  a  rounded  grassy  hill  near  tiie  centre,  rising  to  a 

moderate  elevation.     It  is  elongated  in  shape.     Mr  Harvie- 

'  Ho  viaitvJ  Uic  isUtKls  in  18S4. 
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Brown  estimated  its  length  at  half  a  mile,  and  it  seemed  Uf 
me  to  be  about  a  quarter  of  a  mile  wide.  There  are  cliffs  on 
the  north-east  aide  aad  also  on  the  south-weaL  I  at  once 
"  made  tracks  "  for  the  rounded  bill  before  mentioned,  and 
finding  a  burrow  of  some  sort  on  the  western  slope,  I  com- 
menced  digging  with  my  hands,  because  I  bad  found  at 
Itona  that  this  was  the  best  way  of  discovering  petrels'  breed- 
ing haunts,  ^n  old  sheath-knife  or  piece  of  stick  is  a  great 
help,  but  a  spade  breaks  too  many  eggs.  The  burrow  I  was 
working  at  looked  like  a  putRn's  or  a  rabbit's,  bat  I  soon 
found  that  small  burrows,  like  rat-hales,  branched  off  from 
tho  main  one  in  all  directions.  After  about  half  an  hour's 
hard  work  I  found  a  storm  petrel,  but  no  egg.  I  persevered, 
and  finally,  after  digging  out  about  half  a  dozen  birds,  I  was 
rewarded  by  finding  aa  e^.  I  then  moved  round  to  the 
northern  slope  of  the  hill,  and  when  the  two  men  joined  me, 
we  all  sot  to  work  at  another  large  burrow,  and  after  aome 
hours'  hard  digging,  the  total  bag  amounted  to  only  four 
e^8,  although  we  had  dug  out  over  twenty  birds,  whicb  we 
let  away.  These  birds  are  much  more  lively  when  just 
taken  out  of  their  burrows  than  is  the  case  with  ProetUaria 
Uucorrhoa,  the  former  biting  and  scratching  and  squirting  oil 
through  their  nostrils  with  great  vigour,  while  specimens  of 
the  furk-tailcd  petrel  Btnig^r|e  little,  and  generally  content 
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saw  a  female  of  this  species  on  Eilean  Eiishal,  or  No.  1, 
counting  the  islands  from  the  north  end. 

2.  Anthus  ohsmrus  (Liith.) — Rock  Pipit. — This  species  was 
moderately  common  ou  all  the  islands. 

3.  Stumus  vxUgnria,  Linn. — Starling, — Harvie-Brown  says 
of  this  species,  "  a  few  pairs  breed ;  broken  eggs  found."  I 
suspect  that  the  nests  were  placed  among  the  stones  and 
rubbish  on  the  cliffs  of  Eilean  Craigeach,  or  No.  2  from  the 
north,  although  I  did  not  see  them, 

4.  Corvm  comuc,  Linn. — Hooded  Crow. — Harvie-Brown 
saw  two  "very  much  bullied"  by  the  lesser  black-backed 
gulls.  The  hoodie  is  an  inveterate  egg-stealer,  and  is  gener- 
ally to  be  found  haunting  the  breeding  stations  of  many  of 
our  sea-birds.  1  have  frequently  seen  it  breeding  in  the 
midst  of  a  colony  of  other  birds.  On  a  small  island  in  the 
fresh-water  loch  above  Loch  Eynort,  in  Uiat,  where  there  is 
a  large  colony  of  lesser  black-backed  gulls  and  grey-lag 
geese,  I  have  seen  the  hoodie's  nest  placed  on  the  ground. 
On  Loch  Samalaman,  in  Moidart,  there  is  a  large  colony  of 
greater  black-backed  gulls,  and  another  of  herons,  and  every 
year  there  is  at  least  one  hoodie's  neat  in  the  heronry;  nor 
do  the  hoodies  live  at  peace  with  their  neighbours,  I  have 
seen  aerial  battles  between  them  each  time  I  have  been 
there. 

5.  PhalacTocoTox  graculm  (Linn.) — Shag. — Harvie-Brown 
noticed  a  small  colony  on  the  east  side  of  Eilean  Craigeach. 

6.  Columha  Hvia,  Bonnat — Rock  Dove. — I  noticed  two 
Hying  about  the  cliffs  on  the  north-west  side  of  Eilean 
Craigeach. 

7.  Hirmaiopus  oatrale^m,  Linn. — Oyster  Catcher, — Com- 
mon on  all  the  islands,  screaming  overhead  the  whole  time 
of  my  visit. 

8.  StrepBtlas  inierjn-es  (Linn.) — Turnstone. — I  did  not  see 
any  during  my  visit,  but  Harvie-Brown  saw  "one  pair  in 
full  breeding  plumage  (I7th  June),  but  there  was  nothing 
in  their  actions  or  behavionr  to  lead  me  to  suppose  that 
they  were  breeding,  They  were  very  tame  and  very  in- 
diH'erent.  I  searched  a  long  time  in  the  most  suitable 
ground  just  above  high  water  mark,  but  found  nothing." 
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On  3l8t  May  1880,  I  saw  tumstones  on  the  island  of 
Hysgeir  off  Canna,  and  on  8th  June  1883,  while  rowing  off 
to  our  yacht  the  "  Medina,"  from  the  same  island  with  Mr 
Dalgleish,  we  saw  four  or  five  tumstones  sitting  on  a  point. 
I  shot  one,  which  proved  to  be  a  female  not  quite  in  full 
breeding  plumage. 

9.  Totanut  hypoUucoi  (Linn.) — Common  Sandpiper. — 
Harvie-Brown  mentions  having  seen  two  during  his  visit 

10.  Sterna  macrura,  Naum. — Arctic  Tern. — Colonies  bred 
both  on  Eilean  Eashal  and  Eilean  Craigeach,  and  Harvie- 
Brown  took  ^gs  from  the  little  island  No.  4 

11.  Zarut  canut,  Linn. — Common  GuIL — Observed  on 
both  visits,  being  very  abundant  in  most  of  the  islands,  but 
more  particularly  on  Eilean  EashaL  At  the  time  of  Harvie- 
Brown's  visit  the  nests  had  been  newly  harried  by  the  lobet«r 
fishermen,  and  consequently  comparatively  few  eggs  were 
found. 

12.  Zarm  argentatut,  GmeL — Herring  GulL — Moderately 
common  on  all  the  islands,  but  chiefly  on  Eilean  Craigeach, 
from  the  cliffs  on  the  north-west  of  which  I  took  some  eggs. 

13.  T^rm  /uscua,  Linn. — Lesser    Black-backed    GulL — 
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1(3.  Alca  tarda,  Linn.^ — Razorbill.— Harvie-Brown  speaks 
of  the  razorbill  as  "common  to  the  exclusion  as  far  as  we 
could  Bee  of  the  guillemots,  occupyiug  the  broken  and 
irregular  sea-clilfs,  especially  on  the  east  side  of  No.  2 
(Eilean  Craigeach).  I  counted  twenty-tbree  in  tbe  air  at  one 
place  at  tbe  same  time." 

As  far  as  my  own  observationa  bare  gone,  they  incline  me 
to  the  belief  that  tbe  razorbill  builds  or  rather  lays  its  eggs 
on  lower  aud  less  perpendicular  clift's  than  the  guillemot, 
although  it  is  also  found  associating  with  the  latter  at  all 
tbe  great  breeding  stations. 

17.  Uria  grylle  (Linn.) — Black  Guillemot — This  bird  was 
very  common  on  all  the  islands,  but,  as  before  stated,  it  simply 
swarms  on  Eilean  EasbaL  Harvie-Brown  estimates  the 
number  of  black  guillemots  breeding  on  the  Ascrib  Islands  at 
250  pairs,  and  I  cannot  any  that  I  think  the  estimate  too  high. 

18.  Fratercida  aretiea  (Linn.) — Puffin.^ — Common  upon 
botli  Eilean  Eashal  and  Eilean  Craigeach.  On  tbe  former 
it  was  to  be  found  among  the  black  guillemots  under  tbe  slabs 
aud  boulders  that  fringe  the  island ;  on  the  latter,  where  it 
was  much  more  abundant,  it  bred  iu  holes  in  the  grassy  ledges 
of  the  cliffs,  also  about  their  tops.  They  have  assisted  in  the 
ext-errai nation  or  decrease  of  the  storm  petrel  on  the  South 
Ascrib,  as  Captain  Macdonald  informed  Ilarvie-Brown. 

Obs. — Harvie-Brown  saw  some  ducks,  but,  owing  to  a  haze 
which  prevailed  at  tbe  time,  they  could  not  be  satisfactorily 
identiBed, 

XXX  in.  (hi  the  Structure,  of  (he  Gmajian  Follidc  in 
nidelphys.  By  Frank  E.  BEUDAitn,  Esq.,  M.A.,  F.R.S.E., 
Prosector  of  the  Zoological  Society,  and  Lecturer  on 
Biology  at  Guy's  Hospital. 

(Read  IBtU  January  1888.) 

The  earliest  memoir  known  to  me  which  deals  with  the 

structure  of  the  ovarian  follicle  in  marsupials  is  a  recently 

published  account'  of  these  structures  by  Mr  Poulton.     This 

'  TliB  StructareB  connwled  with  tlic  Ovarian  Ovum  of  Mni-jiiiiialia  aiut 
MouolremaU  {Quart.  Jaum.  Micro.  Set..  1884,  p.  1). 
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paper  conuios  a  deacriptioo  of  the  microscopical  appear- 
aDc«9  of  the  ovary  of  Phalanffuta  mipina,  whicli  is  all 
the  more  reliaLle  for  being  the  outcome  of  a  stady  of  fresh 
material. 

The  <yra  themselves  do  cot  seem  to  differ  materially  from 
the  ova  of  other  mammalia,  except  of  coarse  from  the  re- 
markable ova  of  the  MoDotremata  figured  and  described  in 
the  same  paper ; '  but  the  follieh  showa  certain  pecnliar 
features  of  interest,  which,  however,  as  I  shall  show  in  the 
present  paper,  are  not  found  in  all  marsupials,  bat  are  want- 
ing  in  the  oiioaaum.  Mr  Poulton  vety  naturally  surmised 
that  his  description  of  the  ovum  and  its  follicle  in  Phalan- 
gUta  would  "  prove  to  be  characteristic  of  the  order." 

The  youngest  o\'a  of  Phalangitta,  as  of  tiuttnmftlB  in 
general,  are  surrounded  by  a  single  layer  of  flattened  epithelial 
cells.  These  multiply  and  form  a  "  granulosa  "  several  cells 
deep.  The  first  appearance  of  the  liquor  folliculi  is  perfectly 
normal ;  it  appears  as  a  coagulated  (by  alcohol)  mass  between 
tlie  cells  of  the  follicle  on  one  side  of  the  ovum ;  between 
this  fluid  mass  and  the  follicle  cells  next  to  the  limiting 
uiembraue  of  the  follicle  is  a  layer  of  altered  follicular  cells, 
which  have  become  swollen,  are  unstained,  and  have  no  dis- 
tinct nucleus.  In  later  stages  the  whole  follicle  increases 
enonuouaty  iu  size ;  the  ovum  is  in  the  cciitre  of  the  follicle. 
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If  I  understand  Mr  Poulton  rigbtly,  he  wialies  to  compare 
the  central  substance  with  the  liquor  folliciili  of  the  ordinary 
mammalian  follicle ;  but  to  insist  upon  its  difference  in 
structure,  and  upon  the  fact  that  the  ovum  is  imbedded  in  it 
directly  through  the  gradual  metamoi'phosia  and  disappear- 
ance of  the  surrounding  cells  which  form  the  liquor. 

More  recently  ^  Mr  Caldwell  has  dealt  with  the  same  sub- 
ject ;  hia  observations  refer  to  the  ovary  of  Phascolaretos 
tinireus;  the  originally  single-layered  follicle  becomes 
several  rows  deep,  and  a  cavity  appears  between  the  cells ; 
this  ultimately  spreads  all  round  the  ovum,  which  comes  to 
He  isolated  in  the  centre  of  the  follicle,  but  surrounded  by  an 
epithelium  several  layers  deep;  the  liquor  foUiculi  contains 
numerous  branched  cells,  which  connect  the  epithelial  lining 
of  the  follicle  with  that  surrounding  the  ovum. 

Finally,  I  have  to  record  that  in  the  opossum  {Duhlphys) 
the  structure  of  the  follicle  is  slightly  different  from  that  of 
Phascolaretos;  it  shows,  in  fact,  no  differences  that  I  could 
detect  from  the  ordinary  mammalian  Graafian  follicle ;  the 
ovmu  lies  eccentrically,  and  is  surrounded  by  a  single  layer 
of  follicular  cells ;  this  is  connected  by  a  bridge  of  cells  with 
the  layers  which  line  the  follicle ;  the  interspace  is  occupied 
by  the  liquor  foUiculi,  which  appears  to  resemble  the  liqiior 
Iblliculi  of  placental  mammals  generally. 

JHddpkt/s  therefore  agrees  more  closely  with  Phascolaretos 
than  with  Phalaiigista. 

Now  it  is  probable,  on  a  pi-iori  grounds,  that  the  follicle 
of  the  Marsupialia  would  indicate  a  stage  in  the  evolution  of 
the  typical  mammalian  Graafian  follicle  from  the  primitive 
GraaliaQ  follicle  of  the  Monotremata,  Caldwell  has  pointed 
out  in  the  memoir  referred  to  that  the  ovum  in  Phascolaretos 
is  to  a  certain  extent  intermediate  between  the  large  yolked 
telolecithal  monolreme  ovum  and  the  alecithal  placental 
ovum  J  this  ia  seen  in  the  phenomena  of  segmentation ;  the 
first  two  segmentation  furrows  fail  to  divide  the  ovum  ;  and 
this  "  shows  that  although  the  ovum  has  nearly  regained  its 
original  alecithal  condition,  it  still  retains  the  secondary 
arrangement  of  protoplasm  induced  by  the  yolk  of  its  more 
>  Fhil.  TraM.,  1887. 
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immediate  ancestora."  He  makes  do  remarks,  however,  opon 
the  evoIutioD  of  the  follicle. 

Poulton  is  led  by  hie  results  to  the  belief  that  "  there  are 
important  distinctions  between  the  Graafian  follicle  of  • 
marsupial  and  thosd  of  the  higher  mammalia,  and  yet  these 
distinctions  are  by  no  means  in  the  direction  of  greater 
simplicity  in  the  former,  but  rather  the  reverse."  And 
again  he  expresses  the  opinion  that  the  structure  of  the 
marsupial  follicle  shows  no  iDdioations  of  any  transition 
between  the  Monotremes  and  Placentalia. 

The  function  of  the  follicular  epithelium  is  universally 
admitted  to  be  a  nutritive  one.  Limiting  ourselves  to  the 
mammalia,  Heape  and  Caldwell  have  demonstrated  the 
continuity  of  the  follicular  cells  with  the  ovum  by  means 
of  lino  processes  which  perforate  the  e^  membrane.  And 
this  has  been  shown  to  be  the  case  by  Balfour  and  others 
iu  other  groups  of  the  animal  kingdom  ;  there  is,  however,- 
eouie  difference  of  opinion  as  to  condition  iu  which  the 
nutritive  matter  is  passed  from  the  cells  of  the  follicle  to  the 
ovum.  Caldwell  agrees  with  others  in  the  belief  that  (in 
Monotremata  and  Marsupials)  yolk  particles  are  formed  first 
of  all  in  the  cells  of  the  follicle  and  then  pass  into  the 
ovum,  where  yolk  is  also  independently  formed.  Balfour 
!  In.-lii  the  oiiiiiion  that  the  nutritive  n}atttir 
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comparatively  little,  the  follicular  layers  would  still  form  a 
continuous  coatiny  to  the  ovum,  completely  filling  iip  the 
space  between  the  ovum  and  the  walla  of  the  follicle;  at 
tirst  sight  there  appears  to  be  no  reason  why  the  follicular 
epithelium  shoulii  not  go  on  increasing,  as  the  ovum 
diminishes  in  size,  and  that  the  typical  mammalian  follicle 
should  not  consist  of  a  solid  mass  of  cells.  But  as  the  folli- 
cular cells  increase  in  number,  those  most  distant  from  the 
periphery  of  the  follicle,  and  therefore  from  the  blood  capil- 
laries, will  not  obtain  a  sufficient  food  supply,  and  will  there- 
fore degenerate.  This  process  appears  to  rae  to  have  ju»t. 
set  in  in  I'lialangiata ;  the  follicle  of  this  marsupial  nearly 
represents  the  kiii>othetic(U  intermediate  condition  between  the 
AFonotre/nata  and  tin  higher  viammaU.  Poulton  speaks  of 
the  gelatinous  nature  of  the  mass  formed  by  the  degenera- 
tion of  the  follicular  cells,  which  distinguishes  it  from  the 
liquor  foUicuIi  of  the  higher  mammals.  This  seems  to  me 
to  show  that  the  gelatinous  substance  is  nearly,  but  not 
quite,  inert  matter ;  it  is  in  fact  a  stage  in  the  conversion  of 
the  follicular  cells  into  liquor  folliculi ;  the  viscidity  of  the 
protoplasm  still  remains.  On  this  view,  however,  it  would 
Ite  diificult  to  account — not  for  the  growth  of  the  ovum, 
because  it  can  absorb  nutritious  matter  from  the  layer  of 
follicular  cells  round  it — but  for  the  pei^sistence  of  those 
very  follicular  cells ;  the  follicular  cells  acting  as  an  inter- 
mediary between  the  blood  and  the  ovum  must  be  them- 
selves nourished  by  the  blood.  Mr  Caldwell,  however,  has 
removed  this  difficulty  by  the  discovery,  that  in  J'kaseolarclos 
the  follicular  layers  immediately  surrounding  the  ovum  are 
connected  by  bridges  of  cells  with  the  peripheral  layers  of  the 
follicle;  the  same  thing  may  possibly  occur  in  Fhalangista. 
A  struggle  for  existence  among  the  cells  of  the  follicle  deter- 
mines which  cells  are  to  survive  for  this  purpose.  In 
FltojKolarctoa,  however,  the  follicular  liquid  exhibits  the 
characters  which  that  fluid  exhibits  in  the  higher  mammals ; 
it  is  an  inert  nitrogenous  fluid.  It  is  often  stated  that  tho 
liquor  folliculi  is  shed  out  by  the  follicular  cells ;  hut  it  is 
necessary  to  assume  for  the  present  argument  that  it  is  pro- 
duced by  the  direct  metamorphoses  of  the  follicular  cells, 
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which  have  become  too  Dumerous  to  Becnre  for  themselves 
an  adequate  nutritive  snpply  ;  this  is  not  really  an  assninp- 
tion,  for  Waldeyer  distinctly  states  that  this  is  the  mode  of 
formation  in  Placentalia ;  I  can  confirm  this  statement  by 
some  observations  of  my  own  upon  the  ovary  of  the  Potto ; 
in  the  ripe  follicles  of  this  animal,  the  liquor  foUicoli  con- 
tained numerous  nuclei  which  seem  to  be  identical  with 
the  nuclei  of  the  follicular  cells,  and  were  presumably  set 
free  by  the  dissolution  of  the  cell  protoplasm. 

The  /oUicle  of  Fhascolarctos  is  tTitermediatt  between  tJuU  of 
rhalangista  ai\d  that  of  Didclphys  and  the  higher  nammaU 
generally.  It  is  like  Phalangiata  in  the  central  position  of 
the  ovum ;  it  is  like  the  higher  mammals  in  the  complete 
conversion  of  the  superfluous  follicular  cells  into  an  inert 
liquid.  It  is  a  very  slight  step  from  this  point  to  the  follicle 
of  the  higher  mammalia. 

Thtre  is  thus  some  evidence  that  the  marsupials  are  inter- 
mediate between  the  ifonotremaia  and  the  higher  mammal*, 
not  only,  aa  Caldwell  has  pointed  out,  in  the  strudure  and 
development  of  the  ovum,  but  also  in  the  atruclurc  of  thefoUide. 

XXXIV.  Notes  0)1  Carboniferous  SelachiL      By  Dr  E.  H. 
TRAyuAiR,  F.RS.,  F.G.S. 
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There  are  two  exceedingly  well-marked  species  of  common 
oeciirrence  in  the  British  and  Irish  Carboniferous  Limestone, 
namely  C.  mirabilis,  Ag.,  and  G.  striatus,  Ag.  C.  inarginatus, 
Ag.,  I  also  believe  to  be  a  good  species,  aa  well  as  0.  Milltri, 
Ag.  On  G.  aeuius,  Ag.,  convnis,  Ag.,  basalis,  Ag..  Hibberti,  Ag., 
and  parvus,  Ag.,  I  offer  no  opinion,  not  having  seen  the 
types ;  but  as  to  the  new  species  added  by  Mr  J.  W.  Davis 
in  his  large  work  on  the  fossil  fishes  of  the  Carboniferous 
Limestone  series  of  Great  Britain,'  there  is  scarcely  one  which 
will  stand  the  test  of  careful  comparison  with  the  common 
species  described  by  Agassiz.  G.  Horyiei,  Dav.,  G.  elongalus, 
l)av.,  and  G.  curhis,  Dav.,  are  in  my  opinion  simply  syno- 
nyms of  G.  striatus,  A^.; — C.mueronatus,T)ay.,  and  destntctoi 
Dav.,  of  G.  mirabilis,  Ag.  It  is  rather  difficult  to  give  any 
opinion  upon  C.  eurv^,  Davis. 

In  the  Edinburgh  Museum,  and  in  the  collection  of  the 
Oeol(^ical  Survey  of  Scotland,  there  are  a  few  teeth  of  what 
is  evidently  a  new  species  of  Cladodus  from  the  Lower  Car- 
boniferous rocks  of  Eskdale  in  Dumfriesshire,  though  I 
refrain  on  the  present  occasion  from  giving  it  a  name.  In 
these  teeth  the  surface  of  the  cones  is  perfectly  smootli 
and  glossy,  and  in  the  absence  of  striations  they  approach 
C  van  Ifornei  and  premintius  of  St  John  and  Worthen.  The 
thought  has  struck  me, — is  it  possible  that  this  undoubted 
Cladodus  may  represent  the  dentition  of  Cteiiacanthus  costel- 
latits,  the  unique  specimen  of  which,  with  the  spines  in 
situ,  occurred  in  the  same  beds  ?  It  will  be  recollected  tliat 
the  only  tooth  visible  in  the  specimen  of  Ctenacanfh-ua  costd- 
latns  was  an  imperfect  one,  but  its  one  visible  cusp  was 
smooth.  If  there  is  any  connection  here,  the  specimen  of 
Cienomnihiis  coslellatus  must  have  been  a  young  individual, 
as  these  teeth  indicate  a  fish  of  much  larger  size. 

This  brings  up  once  more  the  question  of  the  correlation 
of  Cladodus  and  Cteiiacanthus,  a  question  which  I  must 
admit  is  still  involved  in  great  obscurity.  When  I  wrote 
my  description  of  Cienacanthus  costdlatus^  I  was  inclined  to 
believe  that  Ctenacanthus  and  Cladodus  represented  the 
spines  and  teeth  of  the  same  genus,  and  that  the  genus 

'  Traua.  Uuy.  Dull,  Soc,  1883.  '  Oi'ol,  Mag.,  Jan.  1881.  pp,  3-8, 
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itself  was  Hybodont.  Mr  Ciarmau,  however,  in  his  paper 
on  Chlam'jdoatlaehus,  disputes  that  view,  and  clMms  thst 
remarkable  recent  shark  which  has  only  one  dorsal  fin, 
and  no  spines  at  all — a  form  placed  by  Dr  Qilnther  in 
the  family  Notidaaidee — to  be  the  modem  representative 
of  the  ancient  Cladodonts.  It  is  perfectly  tme  that  tho 
small  teeth  towards  the  angles  of  the  month  in  Chlamydo- 
telachm,  when  seen  (mm  the  front,  strongly  resemble 
those  of  Cladodva,  yet  this  resemblance  is  not  very 
apparent  in  those  which  cover  the  greater  part  of  the 
jaws,  while  the  bases  of  the  teeth  are  to  my  eye  strikingly 
dissimilar.  I  cannot,  therefore,  without  further  evidence, 
accept  Mr  Garman's  very  confident  assertion  that  Chlamydo- 
aelachua  is  a  Cladodont,  leading  as  it  does  to  the  inference  that 
Cladodm  had  no  dorsal  spines.  That  Cladodvs  at  all  events 
is  not  quite  so  close  to  Chlamydotelachus  as  Mr  Garmaa 
believes,  is,  I  think,  fully  shown  by  a  remarkable  specimen 
from  the  Carboniferous  Limestone  of  East  Kilbride,  lAnark- 
shire,  which  has  been  lent  to  me  for  description  by  ita 
possessor,  Mr  James  Neilson,  of  Glasgow.^  This  specimen 
was  recovered  from  the  quarry  in  separate  pieces  by  the  late 
Mr  A.  Patton,  who,  I  understand,  did  not  feel  sure  that  they 
all  belonged  to  the  same  specimen.     However,  the  fragments 
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shoulder  girdle,  and  evidently  represent  the  proptcrygium  and 
metapt«rygium  of  ordinary  Sdachii.  Behind  these  is  an 
oblong  metapterygiuni,  bearing  radials  preaxially,  whose  an- 
terior portion  seems  to  have  absorbed  the  bases  of  one  or  two 
adjacent  radials,  but  whose  posterior  extremity  is  continued 
backwards  as  a  long  narrow  segmented  stem  consisting  of 
nine  rectangular  joints,  and  reminding  one  at  first  sight  of  a 
vertebral  column!  This  part  in  both  fins  is  cut  off  by  the 
edge  of  the  stone,  so  that  its  actual  length  and  number  of 
segments  are  not  seen.  Some  small  radials  are  seen  attached 
to  the  preaxinl  side  of  the  first  two  segments, — none  on  the 
others,  or  on  the  postaxial  side  of  the  stem. 

The  interest  of  this  specimen  is  extreme,  as  it  is  at  least 
capable  of  bearing  the  interpretation  that  we  have  here  a 
veritable  uniserial  arch i pterygium  intermediate  between  the 
truly  biserial  one  of  XeTvicatUhm  and  the  pectoral  fin  of  ordi- 
nary sharks.  If  this  interpretation  is  correct,  then,  along 
with  Xenaeanthvs,  this  specimen  is  a  witness  against  the 
lateral  fold  theory  of  the  paired  tins  at  present  so  popular 
with  anatomists  and  embryologists.  Into  that  question  I 
shall  enter  on  another  occasion ;  meanwhile  so  much  is  clear, 
that  if  we  have  before  ua  the  pectoral  fin  of  Cladodas — and  I 
do  not  doubt  that  we  have — the  affinity  between  it  and 
Chlamydoselachus  is  not  quite  so  close  as  Mr  Garman  main- 
tains, seeing  that  in  his  fish  the  pectoral  fin  shows  the  ordi- 
nary arrangement  of  basal  pieces,  though  the  raetapterygium 
has  two  segments. 

What,  then,  of  the  Ctenacantkiis  theory  ?  No  spine  is  seen 
in  connection  with  the  East  Kilbride  Cladodus;  but,  as  the 
body  is  absent,  spines  may  have  been  borne  by  the  fish  when 
complete.  Again,  in  the  Eskdale  Ctenacantkas  the  form  and 
structure  of  the  pectoral  fin  is  not  shown ;  and  though  I 
interpreted  its  one  imperfect  tooth  as  "  cladodont,"  I  am 
willing  to  leave  that  an  open  question.  It  may  be  hybodont, 
and  the  hybodont  form,  with  its  vertically  compressed  base, 
must  not  be  confounded  with  the  cladodont  type  with  its 
base  horizontally  flattened  and  irregularly  elliptical  or  reni- 
form.  And  in  one  of  the  instances  which  have  been  advanced 
to  prove  the  connection  of  Cladodas  with  CteTiacanthm,  a 


I 


411)  Proceedings  of  Ike  Royal  Physical  Society. 

mistake  has  certainly  been  made.  So  far  aa  I  have  seen 
them,  the  teeth  which  are  found  associated  with  the  Coal- 
meaaure,  Ctenacanthu»  kybodoidet,  Ag.,  do  not  belong  to  Ola- 
dodvH  tnirabUis,  Ag.,  as  has  been  asserted,  but  are  allied  to 
Hyhodus  in  their  narrow,  compressed  non-expanded  bases. 
Mr  J.  W.  Barkas  long  i^o  expressed  hia  opinion  that  most 
of  these  so-called  Cladodi  are  in  reality  "  Hybodi "  (M.  "Rev, 
"  Dent.  Surgery,"  Feb.  1874),  tbongh  he  seems  to  think  that 
the  great  difference  between  Cladodus  and  Hybodtu  lies  in 
the  former  having  the  outermost  denticles  larger  than  the 
intermediate  ones,  and  consequently  admits  some  of  these 
Coal-measure  specimens  to  tho  genus  Cladodus. 

CtcTuicanthtis  hybodoidea  has,  therefore,  nothing  to  do  with 
Cladodus ;  and  aa  regards  the  other  species,  I  rather  think, 
that  if  we  knew  the  creatures  to  which  they  belonged,  that 
they  would  turn  out  to  represent  several  types  possibly  very 
difTerent  from  each  other.  But  of  this  I  have  now  no  doubtv 
that  the  Cladodontidec,  whether  they  had  spines  or  not,  or 
whatever  the  shape  of  their  spines,  if  they  had  any,  conatituta 
a  very  different  family  from  the  Hybodontidn?,  and  that  they 
were  a  more  arohaic  group ;  while  the  Hybodonts,  on  the 
other  hand,  were  closely  allied  to  the  Cestraciontidas. 

Fur  if  TriKlycltius  be  a  Hybodont,  we  have  now  some  clue 
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location  among  the  Chimaeroids,  as  maintained  by  Professor 
Hasse.^     That  it  is  a  Hybodont  cannot,  in  my  opinion,  be 

doubted. 

Ohodontid.«,  De  Koninck. 

If  the  meaozoio  genus  Acrodus  is  a  Hybodont,  and  its 
spines  are  generically  indistinguishable  from  those  of 
Hybod-its,  it  is  difficult  to  draw  any  line  between  the 
Hybodontida;  and  Orodontidre. 

One  of  the  genera  which  De  Koninck  and  Mr  Davis 
place  in  this  family  must,  however,  go — namely,  Lophodus 
of  Bo  ma  now  ski.  Romanowski  separated  from  Agassiz's 
Ifelodus  such  forms  as  didymits,  laeissimus,  mammUlaria,  as 
having  one  or  more  prominent  elevations  on  the  crown,  and  a 
well-developed,  compressed  and  vertically  striated  root ;  while 
he  considered  H.  planus,  which  has  no  such  root  and  no 
special  elevation  on  its  crown,  to  represent  the  old  genus.' 
Unfortunately  both  "  Hciodiia  "  planus  and  "  Lophodus  "  didy- 
mm  belong  to  the  mouth  of  the  same  fish,  and  that  fish  is 
Pstpkodiia  magnus !  Moreover,  as  I  have  once  remarked,  if 
the  old  genus  Hdodxts  were  to  be  divided,  surely  the  cha- 
racters of  the  type  species  H.  simplex  of  the  Coal-measures 
ought  first  to  be  ascertained  and  duly  considered.  Now,  a 
fine  series  of  specimens  of  Hdodm  simplex,  Ag.,  in  the  col- 
lection of  Mr  John  Ward,  F.G.S.,  Longton,  clearly  shows  that 
the  teeth  in  this  species  have  the  form  of  "  Lophodus ; "  that 
the  entire  dentition  consisted  of  teeth  generally  similar  in 
shape ;  and  that  the  dorsal  fins  were  armed  with  spines  re- 
sembling those  of  ricurodiis.  Whatever  be  the  nature  of  the 
teeth  which  Mr  J.  W.  Davis  retains  in  and  adds  to  Hdodns, 
there  can  be  no  doubt  that  H.  simplea:  must  remain  the  typo 
of  Agassiz's  genus,  and  in  which  also  Chmnatodns  cinctus,  Ag., 
ought  to  be  placed,  as  already  indicated  both  by  M'C'oy  and 
Davis. 

COCHLIODONTID^. 

The  closeness  of  the  alliance  between  the  Cochliodontidte 
and  Orodontida!  is  shown  by  the  fact  that  the  anterior  teeth 
'  NatiirlicLcs  Synttin  dcr  EIiuiiiabranGhier. 


of  Pi^p^fi-Li  ao'i  0<i>J-->i'U  are  senericsUy  iadutii^iushsble 

A>  ?eea  in  Pi^pMit.i,  wai<:h.  is  one  of  the  least  speculised 
of  the  C*o>:tiIio>lond.Lft.  :be  posterior  tMtli  lose  thar  deep 
r>jt«.  br>>jm4  dat^aeii,  uil  teaJ  to  fuse  together  into  hn»d 
inroUol  pUt<3.  I  h.ire  a  fpecimea  of  the  broad  tooth  plate 
fit  F¥jihvl\i.i  m-rr'ivt.  Aj.,  which,  by  a  groove;  is  dirided 
Ivi^fitaliDallr  iDto  tvo  porti'^ns,  which  pretty  closely  repra- 
senc  no:  uncommoa  f<>nu3  of  ffflodiu  planiu.  The  grooves 
on  Pittil'f.luA,  IhUf^iut,  etc.,  also,  to  my  mind,  represent  the 
morphological  origin  of  those  plates,  from  the  fnsion  of 
smaller  and  namwer  separate  teeth.  Plfurodia  is  a  well- 
known  form  in  which  each  plate  is  doe  to  the  anion,  hack  to 
front,  of  a  row  of  helodont  teeth,  whose  lateral  extremities 
still  tend  to  project  free  on  each  side. 

That  the  cochlio<]onts  alt  possessed  dorsal  spines  seems 
hij^hly  probable.  Those  of  PUurodus  hare  been  described 
by  Hancock  and  Atthey. 

PETALODO>"nD.V. 

If  we  take  Cknopfij<:him  apiralU,  Ag.,  as  the  type  of  its 
f^euii.1,  I  mu.sl  own  that  I  fail  to  see  any  valid  reason  for 
sijfnratiii"  Cltn/jjf'alit'i  from  it ;  and  even  Petalodu*  is  scarcely 
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stone,  Beith  (Cftrboniferous  Limestone  series),  which  was 
apparently  undescribed.  It  is  small,  flattened,  and  broadly 
triangular,  the  anterior  margin  being  1  inch  in  length,  the 
posterior  1 1  inches,  the  base  J  inch  in  breadth.  The  apex  ends 
in  a  sharp  spike ;  and  just  below  this,  on  the  posterior  margin, 
are  two  others,  directed  backwards.  Externally  tho  surface 
is  ornamented  with  distinct  fnrrows,  running  parallel  to  the 
anterior-and  posterior  mai^ns,  consequently  tending  to  radi- 
ate from  the  apex  towards  the  base,  and  giving  the  surface  a 
feebly  ribbed  appearance.  On  these  ribs  are  small  tubercles, 
irregularly  placed  towards  the  apex,  then  becoming  arranged 
in  lines  which  proceed  obliquely,  or  with  a  slight  sigmoid 
curvature,  across  the  surface  from  behind,  downwards  and 
forwards.  I  have  seen  other  specimens  of  the  same  spine 
from  the  Carboniferous  Limestone  "bone-bed"  at  Abden, 
Fifeshire,  collected  by  Messrs  W.  Anderson  and  W.  Tait 
Einnear,  which  show  that  the  walls  were  thin,  and  the  spine 
consequently  extremely  hollow.  In  tliese  specimens  the  ex- 
ternal ribbing  is  also  feebler,  and  the  tubercles  more  tluckly 
placed. 

In  their  general  configuration,  and  in  the  nature  of  their 
surface  ornament,  the  resemblance  of  this  spine  to  (haean- 
Ihus  is  obvious,  although  the  posterior  area  is  not  so  sharply 
defined,  and  though  neither  of  the  aides  is  notched  or 
sinuated  on  the  lower  margin  as  is,  so  far  as  my  observation 
goes,  usually  the  case  in  the  genus  mentioned.  It  has, 
perhaps,  still  thinner  walls  than  the  typical  Oraeanlhi,  and 
might  on  that  account  be  referred  to  St  John  and  Worthen's 
genus  Pnigeacanthus ;  but  the  generic  distinction  of  this  from 
Oracantkus  is  doubtful.  No  Oraca.nthus  has  hitherto  been 
described  with  spikelets  at  the  apex;  but  as  the  apices  are 
more  or  less  worn,  a  ready  explanation  of  their  absence  is 
obtained.  I,  therefore,  designate  this  spine  OracaiUhus  armi- 
gtrus,  with  the  remark  that  if  it  be  not  a  true  Oracantkus,  it 
is  an  excessively  closely  allied  form. 

Mr  Davis  recognises  that  the  spines  of  Qracantktts  existed 
in  pairs,  and  are  not  bilaterally  symmetrical,  having  one  side 
larger  than  the  other ;  but  when  he  refers  them  to  the  "  pos- 
terior termination  of  the  body,"  hints  at  removing  the  genus 


420  Proeeedingt  of  the  Soyal  Pkytieal  Society. 

to  tlie  "  placodermio  gauoids,"  and  figures  a  wliole  series  of 
really  undetenuinable  fragments  as  bones  of  the  head  of  this 
supposed  Placodenn,  we  can  hardly  follow  him.  I  have 
carefully  gone  over  all  the  specimens  in  the  British  Moseom 
which  he  has  tlgured  as  "  upper  jaw,"  "  central  bone  of 
cranium,"  etc.,  ftnd  can  find  no  evidence  for  aach  detenDina" 
tions.  I  have  also  examined  microscopic  sections  of  Oraean- 
thus,  and  find  that  they  consist  of  selachian  dentine ;  and  we 
may  also  appeal  to  the  obvious  resemblance  which  the  spines 
of  Oracaniliti^  bear  to  the  thin-walled  triangular  appendages 
often  found  associated  with  G yracanthui,  and  which,  though 
not "  carpal  bones,"  as  Messrs  Hancock  and  Atthey  imagined, 
are  unquestionably  selachian  in  their  nature. 

The  writer  of  a  review  of  Mr  Davis's  work,  which  appeared 
in  the  "  Geological  Magazine  "  for  November  1883,  does  not 
believe  that  tlie  Oracanthi  formed  the  posterior  extremify  of 
the  body  of  a  I'lacoderuiic  gauoid,  but  that  "  it  seems  probable 
that  they  may  havu  occupied  a  lateral  position  on  the  head 
of  these  old  Elosmobranch  fishes."  And  if  I  am  right  in  my 
generic  determiiintiun  of  Oracanihus  armigcria,  ample  corro- 
boration  of  this  view  has  now  turned  up. 

In  the  Museum  of  Science  and  Art,  Edinburgh,  there  ia  a 
specimen  from  the  Eskdale  beds,  showing  the  head  of  a  small 
selachian,  crushed  vertically,  along  with  part  of  the  body, 
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never  aliow  more  than  two  cones,  a  large  one  and  one  small 
lateral  one,  which  is  absent  in  some  specimens,  ought  to  be 
included  in  a  new  genus  distinct  from  Cladadua.  I  therefore 
propose  for  this  form  the  name  Dicentrodus,  and  venture  to 
express  an  opinion  that  it  will  turn  out  to  be  more  allied  to 
Uiplodus  than  to  Cladodus. 


XXXV.  Further   Notes   on  Carboniferous  Selachii.     By   Dr 
K.  H.  TKAiii'AiK,  F.R.S.,  F.G.S. 

n  the  Otologiait  il'igatine  Tor 


Anodontacanthus  and  Pleub acanthus. 

In  1881'  Mr  J.  W.  Davis  proposed  the  genus  AnodotUa- 
canthus  for  certain  atraiyht  spines  resembling  Pkuraeanthus, 
but  differing  in  the  absence  of  the  two  rows  of  denticles. 
Three  species  are  included ; — A.  acutiia  and  oUasus,  from  the 
Coal-measures  of  Yorkshire,  and  A,  fastvjiatm,  from  the 
Blackband  Ironstone  of  Carboniferous  Limestone  age  at 
Loanhead,  near  Edinburgh. 

I  offer  no  critici.'jnis  ou  the  two  Yorkshire  species,  nor  have 
I  seen  the  type  of  the  Midlothian  A.  fastigiatu^.  In  the 
large  collection  of  spines  which  I  have  from  Loanhead,  there 
are,  however,  many  which  I  refer  without  doubt  to  the  last- 
named  species.  Now,  although  some  of  these  are  smooth 
and  without  denticles,  others  show  in  all  stages  of  apparent 
wearing  away  undoubted  stumps  of  denticles,  whereby  the 
species /tts(i7«i<iM  falls  into  Pleuracantkus,  a,a  it  at  present 
stands. 

It  is  to  be  noted  that  a  large  number  of  the  spines  found 
in  this  Ironstone  (Loanhead  and  Borough  Lee,  No,  2)  are 
singularly  worn  or  eroded  all  over,  as  if  they  had  been  long 
exposed  to  the  action  of  agencieii,  chemical  or  mechanical, 
tending  to  destroy  the  surface.  I  have  seen  a  spine  of  Gi/ra- 
canthus  from  that  bed  having  every  vestige  of  the  surface 
ornament,  so  elaborate  in  that  genus,  removed,  and  I  had  to 
examine  it  microscopically  before  I  felt  absolutely  sure  of  its 
'  Quart.  Joum.  (hoi.  Soc.,  vol.  iivii.,  p,  427. 
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gcnns.  Other  Gyraeanthi,  etc.,  are  fonnd  in  every  stage  of 
"  polishing  off."  liut  this  phenomeaon  is  hjno  means  pecu- 
liar to  the  spines  and  other  fish  remains  from  Loanhead ;  it 
is  tolerably  frequent  elsewhere,  and  is  apt  to  lead  into  error 
those  who  have  uot  yet  learned  to  take  it  into  accounts 
Plturaeantkug  ercetus,  Davis  (Quart.  Joum.  GeoL  Soc,  vol. 
xxxvi.,  p.  326),  is  to  my  mind  nothing  but  an  eroded  speci- 
men of  PI.  IccviMimuH,  Ag.,  the  "  very  blunt-pointed  "  char- 
acter of  the  denticles  being  thus  amply  accounted  for ;  and 
1  have  a  specimen  of  PI.  elegant,  Traq.,  from  Loanhead,  which 
shows  precisely  the  same  condition.  Pi  Wardi,  Davis  (ib., 
p.  334),  probably  owes  the  bluntness  of  its  denticles  to  the 
same  cause.  And  I  feel  pretty  well  persuaded  that  T.  Stock's 
Luphacanlhua  Taylori  [Ann.  and  Mag,  It'at.  Hiat.,  5th  ser., 
vol  v.,  p.  217)  is  nothing  but  a  worn  specimen  of  Pleuraca^- 
tkus  {Oilhacautkwi)  ct/litidricvs,  Ag. 

ri(l8TOliU8  FALCATDS,  Davis  (ex  Agassiz  MS.). 
Mr  Davis,  in  liia  large  work  on  the  Carboniferous  Lime- 
Ktone  Fishes  of  Great  Britain,  in  describing  the  remarkable 
tooth,  to  which  Agassiz  had  given  the  name  Prittodiu  fal- 
ctittiA,  makes  no  reference  whatever  to  t)ie  fact  that  a  closely 
allied  species  had  been  already,  in  1 875,  figured  and  described 


I'uHher  Notes  on  Carboniferous  Selachii. 


423 


I 
I 


This  statement  as  to  affinities  by  Mr  R,  Etlieridge,  jun., 
ciinnot  be  called  in  question  by  any  one  wlio  has  studied  the 
structure  of  the  teeth  and  jaws  of  Diodon  ;  nevertheless,  six 
years  afterwards,  we  find  Mr  J.  W.  Uavis,  at  the  British 
Association  in  1881,  naming  this  tooth  Diodonlopaodus,  and 
apparently  going  back  on  the  idea  of  its  Gymnodont  affinities : 
"  In  Di-odontopsodiis  the  teeth  are  extremely  like  those  of  the 
existing  tish  Dioilon  "  {"  Proc.  Brit.  Assoc,  1881,"  Trans.  Sect, 
p,  646).  And  in  his  large  work  on  the  "  Carboniferous  Lime- 
stone Fishes  "  he  seems  still  unable  to  free  himself  from  this 
idea.  At  p.  521  he  says — "  In  searching  for  the  zoological 
relationship  of  Prislodiia,  a  striking  and  most  peculiar  resem- 
blance is  at  once  observed  between  it  and  some  of  the  Gym- 
nodont group  of  the  Plectognath  group  of  fishes  at  present 
existing.  ...  In  many  respects  the  fossil  teeth  from  the. 
Mountain  Limestone  of  Yorkaliire  bear  considerable  resem- 
blance to  those  of  Diodon.  In  the  general  form  of  the 
palatal  interior,  combined  with  the  semi-circular  external, 
trenchant  edge  of  the  tooth,  the  two  are  almost  identical. 
...  A  comparison  of  the  recent  and  fossil  teeth,  however, 
leads  to  a  natural  inference  of  relation-ship  in  some  degree, 
however  remote.  Evidence  is  entirely  wanting  as  to  the 
anatomical  structure  of  Prislodiis,  and  I  do  not  wish  to  lead 
to  the  inference  that  it  was  more  nearly  related  than  is 
warranted  by  the  peculiar  similarity  of  the  teeth,"  I  very 
much  fear,  however,  that  the  "  peculiar  similarity  of  the 
teeth  "  is  a  very  deceptive  one  after  all. 

But  although  I'ristodiis  cannot  have  had  the  remotest 
affinity  with  Diodon,  it  is  quite  an  open  question  as  to 
whether  there  may  not  have  been  some  analogy  in  the  form 
of  the  jaws,  a  couple  of  these  peculiar  tooth-plates,  one  above 
and  one  below,  forming  the  whole  of  the  armature  of  the 
mouth.  Itather  against  this  view,  however,  is  the  fact  that 
the  height  of  the  crown  in  these  teeth  is  extremely  variable, 
as  may  be  well  seen  in  the  extensive  aeries  of  P.fnlcatits  in 
the  British  Museum,  and  that  in  some  the  apex  is  more 
acute,  or  tending  to  be  mucronate,  than  in  others, 

Mr  J.  W,  Davis's  Prislidadodiis  concinnus  seems  to  me  to 
VOL.  IX,  2  F 
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lie  nothiiic;  more  or  less  tliati  a  crushed  specimea  of  a  species 
of  Prialotlus,  willi  a  more  than  usually  niucronatQ  apex,* 

Pristicladodus,  M'Coy. 
Tliere  can  be  no  doubt  that  the  specimen  from  Armagh, 
in  the  British  Miiscuin,  to  which  Mr  J.  W.  Davis  has  given 
the  name  of  Carrhwojvfis  Cold,  is  nothing  else  than  a  speci- 
men of  Pristicladodus  dentatus,  M'Coy,  with  the  base  broken 
off. 

CiiONDitEKCHEU's  rBOBi.EMATiCA,  n.gen.  &  sp. 

Among  the  fishes  from  the  Eskdale  beds,  obtained  from 
Mt  Damon  for  the  Edinburgh  Museum,  is  one  whose  nature 
is  still  more  problematical  than  thnt  of  Tamwitu,  which  it 
somewhat  resembles  in  external  shape.  Two  specimens  in 
the  Edinburgh  Museum  hnvc  the  head  and  toil  preserved  up 
to  near  the  termination  of  the  latter,  and  of  these  the  lengths 
are,  respectively,  4J  and  7  inches.  T!ie  shape  of  the  body  is 
singularly  elongated  and  eel-like,  the  head  being  small,  less 
than  )  of  the  total  length,  while  a  long,  low,  continuous 
dorsal  fin  runs  along  the  back  from  not  far  behind  the  head 
to  the  end  of  the  slender  pointed  tail. 

In  the  larger  of  these  two  specimens  no  structure  can  be 
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should er-girdle,  or  corn  co-scapular  arch,  whose  direction  ia 
obliquely  downwards  and  forwards.  Careful  examination 
reveals  no  composition  out  of  distinct  memlirane-bones;  on 
the  other  hand,  its  substance  haa'an  nnmietakably  granular 
aspect  suggestive  of  calcified  cartilage.  No  trace  of  paired 
fins,  pectoral  or  ventral,  ia  visible. 

Commencing  at  the  head,  and  passing  back  under  the 
aforesaid  shoulder-girdle  to  the  extremity  of  the  tail,  is  a 
well-marked  vertebral  column.  Here  the  axis  consists  of 
undoubted  centra,  which  are  rather  higher  than  long.  They 
are  crushed  and  flattened  laterally  ;  bnt  on  careful  examina- 
tion of  a  most  instructive  fragment  in  the  collection  of  the 
Geological  Survey  of  Scotland,  they  can  clearly  be  made  out 
to  liave  had  tbe  configuration  of  hollow  rings,  through  which 
a  scarcely  constricted  notochord  must  have  passed.  Ap- 
pended to  the  dorsal  aspect  of  this  chain  of  centra  is  a  series 
of  bodies  representing  the  neural  arches  and  spines.  Each 
of  these  is  short,  slender,  and  rod-like,  bifurcating  below  and 
pointed  above,  and  there  seems  to  be  one  for  each  centrum. 
They  are  not  composed  of  ordinary  bone,  but  of  small  granules 
placed  end  to  end  like  a  string  of  beads;  and  that  they  had 
not  the  rigidity  of  bone  is  seen  from  the  flexuosities  which 
they  often  present  in  their  contour.  Commencing  almost 
immediately  behind  the  shoulder-girdle,  and  appended  to  the 
neural  spines  above,  is  a  second  aeries  of  rod-like  bodies 
representing  fin-rays  or  radials,  of  which  there  are  three  or 
four  to  each  neural  spine ;  they  are  more  slender  than  the 
latter,  but  have  the  same  granular  structure.  They  gradu- 
ally increase  in  length  towards  the  posterior  third  of  the 
body,  whence  they  i^ain  fall  away  towards  the  end  of  the 
tail.  The  abdominal  region  extends  for  If  inches  behind  the 
head.  No  ribs  are  visible,  the  termination  of  the  abdomen 
being  marked  by  the  commencement  of  a  series  of  hiemal 
elements  quite  similar  in  configuration  and  structure  to  the 
neural  ones  above,  and  these  now  extend  to  the  extremity  of 
the  taiL  No  fin-rays  are  seen  on  the  ventral  aspect  of  the 
skeleton,  nor  have  I  seen  any  trace  of  any  dermal  hard 
parts. 

This  is,  indeed,  one  of  the  strangest  fishes  as  yet  yielded 
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by  thene  Eskdale  dei)0sit9,  which  have  proved  bo  rich  in 
piiliuichthyoloiiicaj  treasures.  We  are  not  aware  of  any 
(jaiioiii,  recent  or  fossil,  whose  body  is  entirely  destitute  of 
dermal  bard  parts,  for  even  the  all  but  naked  Polyodon  of 
the  presoiit  day,  and  also  the  Carboniferous  Phantmteon 
have  still  a  few  scales  on  sonic  part  of  their  surface.  It 
seems  also  scarcely  probable  that  the  apparent  absence  of 
membrane  bones  from  the  head  aud  shoulder-girdle  is  en- 
tirely due  to  deficient  preeorvatiou  ;  and  the  granular  struc- 
turo  of  tlie  vertebral  apophyses  and  rsdials  is  not  paralleled, 
80  far  as  I  know,  in  any  Ganoid.  It  certainly  is  not  an  ordi< 
nary  Ganoid,  nor  is  it  an  Acanthodian.  On  the  other  hand, 
its  affinity  to  the  Selachii  seema  to  be  indicated  by  the  posi- 
tion of  the  shoulder-girdle,  and  by  the  granular  calcification 
of  the  vertebral  apophyses  and  radials,  and  probably  also  of 
the  head  and  shoulder-girdle.  If  it  be  a  Selachian,  it  is  cer- 
tainly one  of  a  very  primitive  and  at  the  same  time  aberrant 
type.  In  its  long  dorsal  fin  it  resembles  XenacarUhua ;  but 
there  is  no  cephalic  spine,  apparently  no  paired  fins  (though 
this  may,  indeed,  be  due  to  defective  preservation),  the  verte- 
bral centra  are  more  developed,  and  tlie  two  rows  of  dorsal 
interspinouB  cartilages,  or  "  Flossentriiger,"  described  by  Kner 
in  tliat  genus,  seem  to  be  absent  It  is  certainly  a  new,  as 
L  most    interesting   form,  for   which  I  accordinjlv 
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and  Fernando  Noronha  lie  Booby  Island,  St  Michael's  Mount, 
and  Egg  Island.  These  form  a  kind  of  chain  ninning  north- 
east, while  to  the  north-west  are  Platform  Island,  or  Sau 
Jose,  and  two  rocks.  The  other  islands  are  all  very  small, 
and  are  known  as  ^^o^o  da  Villa,  a  peninsula  at  low  water, 
and  The  Twins,  both  lying  off  the  north-west  coast ;  to  the 
south  are  Les  Clochers,  which  bear  a  curious  resemblance 
to  a  praying  monk  from  some  points  of  view,  and  several 
other  rocks.  The  coast-line  of  the  ninin  island  is  consider- 
ably indented,  the  principal  inlets  being,  on  the  north-west 
coast.  Water  Bay,  above  which  the  principal  village  is  situ- 
ated, and  Portuguese  Bay,  On  the  south  coast  is  Leio  Bay, 
circular  and  almost  landlocked. 

The  geology  of  the  group,  so  far  as  we  could  make  it  out, 
is  as  follows  ; — The  central  part  of  the  main  island,  contain- 
ing several  steep  conical  hills,  consists  of  phonolite,  while 
both  ends  are  of  basalt.  The  western  part  seems  to  have  a 
regular  trap  formation.  There  is  a  long  gradual  slope  up 
from  the  plain,  just  to  the  west  of  the  central  hills,  ending 
in  a  crest,  from  which  there  is  a  steep  slope  down  on  the 
other  side.  From  its  base  another  slope  rises,  not  so  long 
as  the  other,  and  ends  in  another  crest  with  a  steep  descent 
beyond ;  and,  still  further  on,  there  is  a  third  repetition  of  the 
same  feature.  The  slope  down  from  the  last  ends  in  a  narrow 
neck  of  land,  connecting  a  terminal  peninsula  with  the  main- 
land. In  this  neck  is  the  natural  opening  known  as  the 
Hole  in  the  Wall.  The  configuration  of  the  east  end  of  the 
island  is  much  more  irregolar  than  the  part  already  described. 
A  range  of  hiUa  of  black  basalt  rises  abruptly  from  the  coast, 
and  comprises  four  or  five  distinct  peaks.  To  the  north  of 
these,  and  separated  from  them  by  a  valley,  is  a  low,  rounded 
ridge,  forming  the  backbone  of  the  north-eastern  point;  and 
a  third  eminence,  also  rounded  in  form,  occupies  the  north- 
western portion  of  this  region.  The  central  bills  comprise 
The  Peaks,  rising  close  to  the  north  shore,  and  two  small 
conical  hills ;  otherwise  this  part  of  the  island  is  level.  On 
the  south  shore  are  two  elevations,  Tangle  Hill  and  Look  Out 
Hill.  The  former  exhibits  two  pinnacles,  and  reaches  the 
greatest  height  of  any  of  the  mountains,  with  tbe  exception 
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of  The  Peak.  Look  Out  Hill,  of  conical  form,  obtains  its 
name  fruiii  a  hut  uu  the  summit,  which  is  used  as  a  watch- 
house.  Immediately  north  of  the  base  of  Tangle  Bock  is 
a  smaller  rounded  eniiaence,  and  lastly,  a  little  bill  with 
loose  iiiitases  of  phoiiolite  on  its  auiomit,  lies  not  far  north  of 
LeSo  Day.  Outcrops  of  phonolite  occur  on  all  those  hills, 
but  the  character  of  the  rocks  underlying  the  deep  red 
vegetable  soil  covering  the  level  ground  between  them  is 
difttcult  to  determiue.  The  weateni  coast  is  lined  witli 
cUffB,  or,  at  least,  very  steep  rugged  slopes,  but  there  is 
generally  a  beach  beneath  them,  at  any  rate  at  low  water. 
At  this  season  of  the  year  a  fine  sand,  composed  almost 
entirely  of  shell  fragments  with  a  few  grains  of  bomblende^ 
covers  the  beach  all  along  the  uorth-weat  coast  from  Portu- 
guese Bay  eastwards,  as  well  as  various  other  points  on  both 
the  southern  and  eastern  shores.  Just  south  of  the  north- 
east point,  and  also  at  Suuibaquilbaba  on  the  north-west 
coast — where  there  is  a  small  settlement — immediately  in- 
land from  Leuo  Buy,  the  sand  is  blown  into  dunes,  which, 
in  the  two  lost-mentioned  places,  are  planted  with  cocoa-nut 
palms.  In  the  north-east  it  shows  traces  of  incipient  con- 
solidation in  the  shape  of  waved  and  branching  streaks  of 
agglutinated  sand  traversing  the  mass.  A  calcareous  sand 
rook  occurs  at  varioua  lilttcea  ou  the  niaiuIanJ ;  the  deepest 
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a  reef  of  rock,  composed  of  sand,  coral,  tubiculous  lamelli- 
brancliiata,  and  calcareous  algse,  is  seen,  at  low  water,  almoat 
completely  surruunding  the  island.  It  ia  exceedingly  rugged 
and  full  of  holes,  very  like  some  presented  in  the  sand  rock 
into  which  it  passes,  without  any  lino  of  demarcation  what- 
ever, in  a  number  of  different  places.  Egg  Island  is  united 
to  the  mainland  by  the  reef,  so  as  to  be  accessible  at  low 
water,  as  is  Platform  Island,  but,  in  the  latter  case,  the  reef 
ia  replaced  by  basaltic  boulders.  It  would  thus  appear  that 
the  sand  rock  is  rather  raised  reef  than  consolidated  duues. 
A  very  friable  volcanic  conglomerate  occurs  on  the  seaward 
slopes  of  the  East  JLJUs,  and  also  on  the  declivities  above  the 
south  coast  near  the  west  end,  and  nearly  opposite  on  the 
north-west  aide,  and  on  the  slope  toward  the  Lapate.  Some- 
thing very  similar  appears  in  the  bed  of  a  stream  in  the 
central  region.  The  faces  of  the  shore  cliffa  in  the  western 
part  of  the  mainland,  and  also  in  Rat  Island,  show  bauds  of 
rock  sometliing  between  clay  and  conglomerate,  the  ground 
mass  being  highly  vesicular,  but  containing  a  number  of 
round  pieces  of  solid  basalt.  This  sometimes  gives  the  clilfs 
a  terraced  form,  and  sometimes,  when  seen  from  a  distance, 
makes  them  appear  stratified.  Besides  the  phonolite  in  the 
centre  of  the  island  various  bosses  of  that  rock  crop  up 
through  the  basalt.  It  appears  thus  at  tlie  base  of  the  East 
Hills,  and  also  on  the  north-west  coast  on  both  sides  of 
Water  Bay,  Moro  da  Villa  is  phonolite,  as  is  the  poiut  of 
land  immediately  adjacent  to  it,  and  the  high  bluff  on  which 
the  fort  stands,  on  the  oast  side  of  the  bay.  Another  phono- 
litic  boss  occurs  between  the  fort  aud  the  north-east  point, 
and,  on  the  south  coast,  a  small  hill,  known  as  Moro  Brnnco 
from  its  wliite  colour,  is  composed  of  the  same  rock.  Of  the 
outlying  islands  St  Michael's  Mount,  Les  Glochers,  and  the 
other  vocks  along  the  south  coast  are  phonolite,  but  the 
Twins,  to  the  north,  and  Platform  and  Kat  Islands  are  of 
basalt  Wherever  the  phonolite  and  basalt  meet,  both  rocks 
show  traces  of  alteration,  the  former  becoming  quite  dull  and 
of  a  pale  grey,  almost  white,  while  dykes  of  the  latter,  of 
which  there  are  often  a  number  traversing  the  phonolite  at 
such  places,  contain  abundant  crystals  of  augito,  but,  so  far 
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as  we  could  sec,  no  olivine.  About  the  north-east  cornei 
of  tlie  island,  anioii<r  tlie  basalt  boulders  which  cover  the 
beach,  there  are  a  great  number  of  masses  of  olivine  crystalB, 
aoine  of  them  measuiin;^  three  inches  in  diameter.  A  curious 
pole  brown,  cherty-luokin<;  mineral  frequently  occurs  in  the 
form  of  veins  amuug  the  phonolite.  The  phonolite  probably 
indicates  the  plugs  of  tlie  orilices  from  which  the  most 
ancient  eruptions  took  place,  as  the  columns,  into  which  it 
is  eveiywhere  cleft,  usually  lie  inclined  at  a  low  angle,  or 
completely  horizontal.  It  is  really  not  at  all  of  a  slaty 
nature,  as  some  of  the  previous  accounts  indicated,  but 
distinctly  columnar.  The  basalt  occurs  principally  in  sheets 
witli  the  main  joints  vertical.  In  some  places,  especially 
towards  the  north-east,  it  shows  the  "  cannon  ball "  method 
of  weatliering  very  well,  and  in  some  others,  as  the  East 
Hills  and  the  place  known  as  I'udras  I'rettL^i,  or  Black  Stones, 
in  the  south-west,  the  jointing  is  quite  irregular,  and  the 
rock  separates  into  lai-ge,  angular,  acarctly  weathered  frag- 
ments, which  make  n  perfect  desert  of  black  stones,  with 
cavities  between  them  which  go  down  to  an  astonishing 
depth.  The  small  patches  of  tuff  are,  I  imagine,  only  the 
reinnina  of  a  mucli  larger  (luantity  which  must  have  once 
enveloped  the  phonolitic  hills  to  thoir  summits,  and  through 
which  the  basalt  subsequently  burst     On  Rat  Island,  as 
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the  attempt,  u  result  quite  as  common  as  auccesa.  The 
most  remarkable  of  the  trees  are,  fivat,  the  Fiata  Noronhcc. 
Of  it,  the  finest  specimens  are  in  the  Governor's  garden 
behind  the  Prieaidio,  and  show  a  complicated  system  of 
interlacing  trunka,  and  numberless  bunches  of  aerial  roots 
hanging  from  the  branches.  The  leaves  are  large,  deep 
green,  glosay,  ovate,  and  obtusely  pointed.  On  one  occasion 
we  came  upon  one  with  ripe  figs.  Jeep  red  in  colour,  of 
sweetish  taste,  but  of  no  great  use  aa  food;  they  were  about 
an  inch  in  diameter,  and  almost  apherical  iu  form.  The 
next  tree  deserving  notice  is  that  known  to  the  inhabitants 
as  BuTia — the  LaurelUd  lara  of  Webster — ao  much  dreaded 
for  its  milky  juice,  which  is  said  to  blister  the  skin.  Wo 
got  it  all  over  our  hands  repeatedly  without  feeling  any 
effect  whatever ;  but  on  two  occasions  Mr  Lea  got  some  in 
Ills  eye,  which  gave  him  much  pain  for  some  hours,  but  did 
no  further  harm.  It  is  very  hot  to  the  taste.  Its  baneful 
effects  seem  to  be  over-rated  ;  a  number  of  cattle  and  burses 
were,  however,  pointed  out  to  us  with  patches  of  hair  re- 
moved, which  the  people  attributed  to  the  action  of  this 
juice.  The  stems  of  the  plant  are  rather  straight,  the  leaves 
glossy,  green,  leathery,  ovate,  and  lanceolata  We  had  great 
trouble  in  finding  the  flowers,  but  at  length  succeeded  iu 
getting  some  from  trees  which  were  almost  bare  of  leaves ; 
so  it  would  appear  that  the  tlowera  come  out  at  one  time, 
and  the  leaves  at  another.  The  flowers  are  small,  green  in 
colour,  and  of  very  simple  construction.  The  males,  which 
occupy  the  upper  part  of  the  spike,  consist  of  two  stamens ; 
and  the  females,  winch  are  situated  at  the  base,  are  only  an 
ovary  with  a  thoroughly  euphorbiaceous  aspect.  We  could 
not  find  any  fruit ;  we  seemed  to  have  arrived  at  the  wrong 
time  of  the  year  for  this  purpose.  Next  may  be  mentioned 
the  Mulungu,  probably  the  Erijlhrina  exaltata  of  Webstei', 
and  also,  probably,  the  same  as  that  described  by  Mosely  in 
the  "  Challenger  "  Reports  as  an  euphorbiaceous  plant,  with 
rounded,  bluish-green  leaves  and  thorns.  Webster  described 
it  as  the  tallest  tree  on  tlie  island;  those  we  saw,  however, 
were  all  small,  the  larger  ones  having  been  cut  down  for  the 
reason  already  mentioned.     It  is  said  that  a  jiungada  made 
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of  this  wood  becomea  water-logged,  and  sinks  in  three  iIbts. 
We  came  on  one  specimen  about  twenty  feet  high  ;  it  was  io 
full  flower,  and  proved  to  be  leguminous.  The  flowers  are 
provided  with  a  large  orange  vexilluni,  small  green  alra 
veined  with  red,  and  long  crimson  stamena ;  the  leaves  are 
broadly  ovate,  rather  dtilUgreen  in  colour,  and  have  a  hftiry 
lower  surface.  The  whole  tree  is  thorny ;  the  fruit  ia  a 
long  pod.  Mr  Lea  heroically  scrambled  up  alter  the  flowers, 
despite  the  thorns,  and  got  some  down  iu  triumph.  There 
are  no  other  trues  of  any  considerable  size,  except  cocoa-nnt 
palms  and  a  few  other  cultivated  forms;  but  there  are  large 
numbers  of  shrnbs.  Among  them  is  a  Bei/oma,  with  fine 
large  flowers,  white  mottled  with  pink,  and  just  two  spots  of 
yellow  on  one  lip ;  there  are  also  some  shrubby  capers, 
which  flower  very  shyly,  bo  that  it  is  very  difficult  to  get 
them  opeu.  We  observed  a  shrub,  with  leaves  dark-green 
and  glossy  above  and  whitish  beneath,  having  inconspicuoos 
brown  flowers,  probably  euphorbisceoua,  and  also  belonging 
to  the  same  order,  the  Jntropha  ijossi/pifolia  of  Webster, 
which  may  attain  the  size  of  a  tree,  but  we  seldom  saw  any 
lai^er  tlmn  a  shrub.  It  has  palmately-lobed,  smooth,  green 
leaves,  and  bunches  of  fl'jwers  with  a  pale  yellow  perianth, 
touched  with  crimson  on  the  outside.  A  first  cousin  of  this 
lilaiit,  Jatropka  urtns,  only  readied  the  condititm  of  a  tail 
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and  neually  obtuse,  commonly  forming  a  buuch  immediately 
beueath  the  base  of  the  flower  stem.  The  endemic  cactus, 
Ceretis  i-nsulari^,  la  everywhere  very  abundant.  Its  stems 
are  cylindrical  and  fluted,  beset  all  over  with  loiiy  and  siiarp 
prickles.  Thia  plant  attains  a  height  of  four  or  live  feet. 
The  tiowers  open  at  night,  and  close  in  the  morning.  By 
bringing  home  buds  we  got  them  to  blow  under  our  observa- 
tion, and  succeeded  in  getting  a  fine  view  of  the  completely 
opened  flower,  which  is  large,  milk-white,  and  sweetly  scented. 
We  also  found  a  quantity  of  the  ripe  fruit — a  species  of  pear, 
of  a  bright  crimson  colour,  witli  white  bloom.  A  cross 
section  showed  the  centre  to  consist  of  a  white  substance, 
.  enclosing  dark-brown  seeds.  It  had  a  pleasant,  sweetish 
taste,  except  the  outer,  crimson  part,  which  is  bitter  anil 
uasty.  The  only  other  endemic  pliint  is  the  Gonolohus  mi- 
cranlkvs ;  it  has  a  twining  stem,  with  small,  greenish- brown 
flowers,  and  large,  dry  fruit.  The  seeds  are  dark-brown, 
each  having  a  white  pappus ;  the  leaves  are  cordate,  some- 
what rounded  at  the  apex.  There  are  a  number  of  Convol- 
vulaeeie,  fpmtma  peamprfe,  with  large,  purple-crimson  flowers, 
red  stems,  and  broadly  ovate,  leathery  leaves,  trailed  to  im- 
mense lengths  over  the  sand  dunes  and  the  beach  above  higli 
water  mark.  Another  Ipo-mosa,  with  white  flowers,  and  known 
as  Salsa  d'apraia,  grew  in  rocky  places ;  it  blooms  by  night, 
its  flowers  being  always  withered  in  the  morning.  The 
small  potato — or,  as  they  call  it  here,  batata — is  another 
species  of  convolvulus,  almost  as  abundant  as  the  two  just 
mentioned.  There  was  also  another  form,  white  in  colour, 
and  one  of  smaller  size,  varying  in  shade  from  pale  lilac  to 
white.  The  wild  pumpkin  {Momordica  ckaranlia)  was  uni- 
versally abundant,  almost  smothering  the  trees  and  bushes 
in  some  spots.  The  yellow  flowers  are  small ;  and  the  fruit, 
a  little  orange  pumpkin,  about  three  inches  long,  covered 
with  tubercles,  Wlien  ripe,  it  splits  into  three  valves,  which 
ourl  up  and  display  brilliant  scarlet  seeds  within.  The  leaves 
are  of  a  vivid  gieeu,  deeply  lobed.  This  plant  is  also  abun- 
dant at  Pernambuco.  Melons  and  pumpkins,  of  various 
kinds,  are  cultivated  on  stony  grounds  in  all  parts  of  the 
island,  and  do  exceedingly  well.     A  great  number  of  Legu- 
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minosoG  was  observed  ;  two  ot  three  caesiaa  were  abundant  as 
cultivation  weeds ;  aa  were  also  a  parple  flowering  PhoMoliu, 
and  a  white  flowering  bean.  Another  apeciea  of  the  latter, 
with  large  pink  tiuwera,  passing  into  purple  ae  they  faded, 
grew  on  the  seaward  slopes,  and  bore  large  poda  containing 
enormous  beans  very  good  to  eat  We  also  observed  a 
number  of  small  vetch-like  forms.  One,  with  whitish  leaves 
and  small  pink  flowers,  had  a  root,  which,  when  bruised  and 
put  in  a  rock  pool,  would  kill  all  the  fish  in  a  few  miuates  ; 
there  were  also  numbers  of  acacias,  both  cultivated  and  wild. 
Three  or  four  eupliorbs,  besides  those  already  noted,  small 
herbs,  and  two  uettles,  may  be  mentioned.  Mallows  were 
uumerous;  one  little  form,  with  pale  yellow  flowers  and 
dark  brown  centre,  grew  abundantly  all  over  the  sand  dunes, 
where  it  contrasted  beautifully  with  the  crimson  Ipomaai,  A 
large  IliUaciis,  with  yellow  flowers  and  pods  which  used  to  be 
boiled  with  beef  for  the  table,  grew  freely.  A  very  abundant 
weed  was  a  pale  lilac  conipositc,  like  an  Ageratum;  there 
were  but  few  other  composites.  Of  grasses  no  great  variety 
exists,  and  most  of  them  are  plants  of  wide  distribution. 
We  got  one  fern,  and  also  a  small  moss  with  fnictification, 
a  fact  of  special  interest,  as  vascular  ctyptc^ams  have 
hitherto  been  supposed  to  be  absent  from  the  island.  The 
sliurc  \vfl3  exceoclinijlv  bare  of  algic ;   we  saw   nothing  like 
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the  first  mentioned  amall  bird,  one  being  mifinislied;  tlie 
other  contained  at  least  one  egg,  white,  with  purple  spots. 
It  was  ao  placed,  however,  aa  only  to  be  secured  by  cutting 
own  the  branch  that  held  it,  so  that  the  egg,  or  eggs,  were 
broken  by  the  fall.  It  was  well  built  of  dried  graaa  and  the 
pappi  of  Convolvulus,  lined  with  a  few  sea-bird's  feathers. 
There  was  a  nest  of  the  sylvia  on  a  branch  of  the  Mulungu 
tree  from  which  we  got  the  llowers,  but  we  were  unable  to 
secure  it.  We  got  a  good  aeries  of  the  skins  of  all  these 
birds.  A  few  waders  frequented  the  shores,  one  like  a 
curlew,  another  brown  and  white  bearing  some  resemblance 
to  a  plover,  and  the  third  looked  like  a  sandpiper.  They 
were  all  ao  shy  that  it  was  found  impossible  to  secure  any 
specimena  Evidently  they  are  not  endemic,  as  their  number 
is  too  small  to  maintain  ttie  species.  Sea  birds  were  abun- 
dant, including  frigate  and  tropic  birds,  noddies — one,  white 
in  colour,  called  here  "  Viuva  Branca,"  or  "  the  white  widow  " 
— boobies,  and  one  or  two  other  less  common  forms.  The 
reptiles  are,  first,  an  endemic  skunk,  Euprepes  punclatus, 
brown  in  colour  with  apots  of  a  brighter  tint,  with  a  fine 
iridescence  on  its  scales.  Large  specimens  are  quite  ten 
inches  long.  A  gecko  is  abundant  in  the  houses  and  on 
banana  stems;  and  a  small  Amphi^/cma  is  very  frequently 
found  under  stones.  Insect  life  is  exceedingly  poor.  There 
are  large  numbers  of  immense  yellow-botlied  dragon-flies,  and 
a  few  with  red  boilies.  All  the  streams  and  pools  are  full  of 
their  larvte.  The  black  cricket  of  the  island  is  in  thousands 
in  the  fields,  chirping  on  every  side ;  it  is  not  a  mole  cricket 
as  has  been  stated  in  several  of  the  accounts  of  Fernando 
Noronha,  Two  species  of  green  locusts  are  very  abundant, 
and  we  got  a  grey  one,  of  great  size,  in  the  woods ;  a  yellow- 
legged  grasshopper  swarmed  in  the  herbage,  but  was  difficult 
to  catch.  A  very  fine  red  bug  was  seen  running  about  in  the 
thickets.  Beetles  are  few,  small,  and  dull  in  colour;  but  one 
Scarahwas,  found  in  the  woods  to  the  west,  was  large.  But  we 
appeared  to  have  arrived  at  the  wrong  season,  as  we  only 
found  fragments  of  the  adult  insect.  One  day,  however,  I 
siicceeded  in  finding  a  few  larvje  under  some  stones — huge 
white  grubs,  like  great  cockchafer  larvic.    Wo  saw  enormous 
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immbors  of  brown  wasps;  their  nests,  which  ODOUBt  of 
paper  welis  without  auy  external  protection,  hung  from  the 
l>ranches  of  ovcry  tree.  A  large  yellow  and  black  species 
l>iim>wed  in  tlie  sand  dunes.  There  were  two  small  black 
b(«9,  and  others  of  various  colours.  Ants  swanned  eveiy- 
wlicre,  MyriMca  domatica  being  particularly  abundant. 
]>iptern>  were  represented  by  legions  of  the  common  house 
fly,  lots  of  lihiebottlea,  some  mosquitoa,  two  small  ifuxtB  with 
flhiuin};  bodies,  one  p:reen  and  the  other  blue,  and  some  othei«, 
but  not  of  lar<,re  size.  We  only  secured  one  butterfly,  not 
unlike  our  own  common  blue,  but  smaller  and  less  brightly 
coloured.  Abont  a  dozen  species  of  moths  were  collected ; 
the  most  abundant^  durin*;  daylight,  were  a  dnll  brown 
variety,  and  another,  smaller,  with  aatin-like  white  wings 
liaving  a  broad  dark  brown  border ;  one  nocturnal  species  was 
caught,  and  sonict  of  a  small  emerald -colon  red  variety.  This 
catalogue  is  simply  miserable  compared  with  that  of  Femam- 
buco,  and  we  were  much  disappointed  with  this  part  of  oar 
collection. 

In  I'rceh  water  we  got  two  Crustacea;  one,  a  small  Gam- 
iHdi'H.t-like  amphipod,  occurred  in  the  streams ;  the  oUier,  ao 
ostracode,  about  the  size  of  a  split  pea,  was  abundant  aveiy- 
where.  In  a  lake,  whicli  lies  in  the  south-west  part  of  the 
island,  are  millions  of  ostracodes,  but  no  other  animal  life 
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several  species  of  most  brilliant  colours ;  one  is  bright  yellow 
with  black  transverse  stripea ;  another  is  bright  blue  on  tlio 
head  and  fore-part  of  the  back,  and  orange  towards  the  tail ; 
another,  again,  is  bright  scarlet;  another,  olive-green  with 
white  longitudinal  stripes.  A  curious  little  hsh,  havijig  a 
very  short,  deep,  compressed  body  and  a  somewhat  elongated 
snout,  was  to  be  seen  in  company  with  those  already  men- 
tioned. We  observed  several  larger  fish  of  a  similar  character ; 
these  live  in  deep  water.  One  is  a  huge  brute,  about  four 
feet  long  and  very  thick  in  proportion,  with  an  immense 
head.  Bonitos  and  others  of  the  mackerel  tribe  are  caught 
here,  and  a  beantifut,  large,  red  fish,  a  species  of  pike,  as 
well  as  some  others.  Numerous  shoals  of  sardines  haunt 
the  edge  of  the  sea.  On  the  shore  a  fine  black  and  yellow 
Murwna  is  very  abundant,  and  a  small  gar-fish  with  a  spike  at 
the  end  of  its  lower  jaw  is  far  from  rare.  A  species  of  sting 
ray,  of  immense  size,  and  plenty  of  sharks  may  also  be 
mentioned.  Our  guide  one  day  caught  four  or  five  large  red 
plectognathoua  fish ;  we  also  secured  a  gurnard  with  the 
pectoral  fins  immensely  enlarged  like  the  flying  variety  of 
the  Mediterranean.  Two  or  three  times  we  saw  turtle 
swimming  about,  and  once  a  small  dolphin  was  killed. 

Other  forms  of  marine  life  are,  as  a  rule,  scanty.  Small 
shrimps  and  ifysw-like  Crustacea  wore  hardly  to  be  seen. 
There  are,  however,  a  few  small  prawns,  and  a  burrowing 
lobster,  with  one  chela  much  enlarged  and  curiously 
shaped,  a  large  Faliiiunis,  and  a  sniall  green  Squilla. 
Crabs  are  very  abundant,  including  a  white  species  which 
buiTows  in  the  sand,  a  purple  land  variety  living  up  in 
the  hills,  an  exceedingly  active  green  shore  crah,  having  a 
small  body,  and  long  flattened  legs  which  enable  him  to  run 
among  the  rocks  near  high-water  mark  with  great  quickness. 
Other  varieties  live  lower  down  ;  and  one,  a  funny  whitish 
speckled  thing,  something  between  a  crab  and  a  lobster,  runs 
at  a  great  rate  in  the  back  wash  of  the  waves  on  sandy 
beaches.  There  are  a  few  small  amphipoda.  Tlie  worms 
are  very  poor;  one  is  rather  large,  pinkish  or  greenish  in 
colour,  with  tufted  red  gills  above  each  parapodium,  and 
bunches  of  wliite  silky-looking  setro  which   stick  into  the 
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skin  and  cause  irritation.  It  was  remarkable  to  see  how, 
when  this  creature  was  touched,  it  bristled  up  like  a  hedf^ 
ho*;.  Anionn  the  Sedeiitnria,  a  small  form,  with  tubes  of  shell 
fra^^ments,  was  found  adherinf:^  to  the  under  aurfaces  of 
stones ;  a  fine  Sabella  with  dark  red  gill  plumes,  which 
inhabited  the  mud  tube  attached  to  the  uader  side  of  the 
reef  shelves ;  a  most  majniificent  Serpvla,  with  a  curred 
spine  over  the  aperture  of  its  calcareous  tube  and  of  gorgeous 
colour,  was  also  observed.  The  MoHnsca  were  not  namerons, 
except  limpets,  of  which  we  saw  several  kinds.  Many  shells 
belonging;  to  this  order  we  found  to  be  tenanted  by  hermit 
crabs.  A  species  of  oyster  was  found  firmly  adhering  to  the 
reef  by  a  single  valve.  A  small  Ajdytta  was  abundant,  as 
was  abio  a  species  of  octopus.  Asteroideie  were  entirely 
absent.  There  are  many  sponges;  their  skeletons,  thrown 
up  on  tbe  beaches,  would  frequently  do  very  well  for  bath 
use. 

In  regard  to  climate,  we  found  the  temperature  exceedingly 
equable,  and  we  had  an  almost  constant  breeze  dayaudnight. 
In  the  end  of  Augnst  and  beji^inning  of  September  many  very 
heavy  showers  fell,  but  later,  these  got  much  less  frequent, 
and  tbe  place  b^^n  to  get  mther  dessicnted;  and  the  herbage 
which,  on  our  arrival,  had  been  of  a  brilliant  green,  was 
obsci-vcd  to  dry  up.     We  were  tolil  tlint  in  November  and 
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plete  specimens  of  Ewyptenu,  Slimonia,  Stylanurus,  and 
Pkrygotiis  have  been  obtained  and  carefully  studied.  It  ia 
not  80,  however,  with  the  Eurypterid  remains  interred  in  our 
carboniferous  rocka,  for  though  minute  fri^ments  of  their 
coatings,  showing  the  characteristic  sculpturing,  have  been 
brought  to  light  from  almost  every  horizon  of  that  formation 
in  Scotland,  and  more  especially  from  the  beds  which  repre- 
sent its  old  land  surfaces,  yet  the  hitherto  described  speci- 
mens may  almost  be  counted  on  the  fingers  of  one  hand.' 
It  ia  therefore  highly  gratifying  to  obtain  a  specimen  of  the 
cephalo- thoracic  shield  of  an  Eurypterid,  in  an  almost  perfect 
state  of  preservation,  from  the  highest  Coal-measures  of 
England.  For  the  opportunity  of  studying  the  specimen, 
and  bringing  the  results  before  this  Society,  I  am  indebted 
tfl  my  friend  Robert  Kidston,  who  has  so  ably  worked  out 
the  flora  of  the  Kadstock  coalfield. 

Description  of  Specimbn. 
The  cephalo-thuracic  shield,  or  carapace,  is  semi-ovoid, 
the  posterior  margin  along  which  it  was  attached  to  the 
trunk  being  arcuate.  The  carapace  is  arched  and  tumid, 
and  diversified  by  several  areas  of  elevation  and  depression. 
A  mesial  depression  passes  from  the  posterior  to  near  the 
anterior  margin,  and  two  shorter  depressions  run  more  or 
less  parallel  to  it,  one  on  each  side,  separating  the  cheeks 
from  two  raised  areas  on  the  back.  Two  further  depressions 
cross  the  path  of  these  obliquely,  and  pass  inwards  from  the 
lateral  margins,  a  little  in  advance  of  the  postero-lateral 
angles,  and  meet  in  the  median  groove,  near  the  posterior 
margin.  Nearly  half-way  from  each  end  of  the  median 
groove  rises  a  small  elongated  eminence,  bearing  the  simple 
larval  eyes  or  ocelli,  which  are  oval  and  about  1  mm.  in 
longest   diameter,   and   separated   from   each   other  by   an 

'  Mr  Jnmai  Bonnie,  who  lina  for  sevctnJ  yeara been  continuinfihisreBearchta 
into  the  old  land  Borroces  or  the  carbonireroiis  atrotn  of  ScotUnd,  mainl;  with 
the  pnrpoB*  of  «arc!iing  for  Lycnpodraeeoiw  iporea,  finds  frngmenls  of  Kuiyp- 
torns  nnd  Smrjiion  in  mora  or  lew  profusion  in  many  f  ' 
beds,"  oapecinlly  from  the  lower  carbonifen 
particularly  «( 
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extremely  narrow  iBtlimus  of  sculptured  test.'  The  Intenl 
or  compound  eyes  rise  out  of  the  lateral  grooves,  one  on 
each  side,  a  little  in  advance  of  the  ocelli.  Thej-  are  placed 
on  elevations,  which  rise  more  steeply  along  their  ootei 
tlian  on  their  inner  side.  The  corneal  portion  of  each  eye  is 
renifonn,  with  the  convex  side  outwanls,  and  arranged  so  as 
to  look  forwards,  outwards,  and  upwards.  It  is  bounded  by 
folds  of  test  which  resemble  eyelid.s.  The  cornea  ia  divided 
into  numerous  minute  facets,  arranged  in  oblique  lines, 
ranging  forwards  and  downwards  from  the  upper  to  the 
lower  eyelid.  Along  each  line  the  facets  number  from  12  to 
14  to  the  mm.,  according  to  the  amount  of  distortion  the 
apeeimen  has  undergone  during  fossilization. 

The  test  is  folded  downwards  and  inwards  for  a  short 
distance  along  the  posterior  margin.  Along  the  three  other 
sides  it  is  folded  in  to  a  much  greater  extent,  and  can  be 
seen  to  reach  inwards  to  almost  beneath  the  compound  eyes. 
Folds  of  this  flange  are  seen  to  commence  near  the  antero- 
lateral margins  on  each  side,  and  to  pass  forward  and 
slightly  diverge  from  the  marginal  lines.  They  evidently 
meet  in  the  middle  line,  though  the  dorsal  portion  of  the 
test  preserved  in  the  fossil  obscures  that  part  of  the  flange. 
This  doubtless  corresponds  to  the  fold  which  simulates  the 
I  ou  the  under  side  of  the  caranace  of   LJmi 
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is  more  coarsely  sculptured  tlian  the  depression  out  of 
which  it  rises.  The  sculpturing  is  continued  up  to  the  edge 
of  the  faceted  cornea  of  the  compound  eyes.  The  other 
oblique  grooves  are  also  finely  sculpluimi.  Near  the  lateral 
margin,  a  little  iu  advance  of  the  grooves,  the  squaines  are 
liighly  elongated  and  imbricating,  so  aa  to  reseiiible  the 
feathers  of  a  bird's  wing. 

Near  the  anterior  and  antei-o-laterat  margins  the  squanies 
become  leas  and  less  convex,  and  run  together  so  as  to  form 
sinuous  lines,  which  interosculate  with  each  other,  and  bend 
round  gi'adually  as  they  approach  the  lateral  margins,  so  as 
to  impinge  upon  them  at  very  acute  angles.  As  the  inter- 
mediate spaces  between  the  lines  are  pitted  and  punctate, 
the  whole  omamentation  in  such  places  is  almost  identical 
with  that  which  occurs  in  a  similar  situation,  and  is  charac- 
teristic of  the  family  of  Asaphidse,  among  the  trilobites. 
The  flange,  or  that  portion  of  the  carapace  which  is  bent 
inwards  to  form  the  under  surface,  is  also  sculptured.  Be- 
tween the  margin  and  the  fold  above  mentioned  the  squames 
are  minnte  and  pointed,  and  sparsely  set.  Within  this 
tbey  are  large,  and  tun  together  to  form  ino.scu!ating  sinuons 
lines.  Perhaps  the  moat  curious  feature  of  the  case  is,  that 
while  the  convexity  of  tlie  squames  on  the  dorsal  surface  is 
always  directed  backwards,  on  these  flanges  the  opposite  is 
the  case,  for  they  point  outwards  and  forwards,  as  if  the 
Uange  were  in  reality  a  portion  of  the  carapace,  which  had 
not  long  in  the  life  history  of  the  Eurypterids  been  folded 
over  from  the  dorsal  to  the  ventral  side.  This  seems  to 
have  an  important  bearing  upon  the  position  of  the  lateral 
eyes  in  the  different  genera  of  the  family.  Those  having 
the  eyes  marginal  may  be  considered  as  haying  this  folding 
over  carried  to  a  greater  extent  than  those  iu  which  the 
eyes  still  remain  upon  the  dorsal  surface. 

In  the  Geological  Magazine  for  November  1887,  Dr  Henry 
Woodward  has  described  a  Lower  Carboniferous  Eurypterld, 
from  Langholm,  Dumfriesshire, under  the  name  of  Enrypterm 
scahrosHs.^  It  is  evident  from  the  form,  that  the  above- 
described  carapace  belonged  to  a  species  nearly  allied  to  it. 
'  Geol.  Mag.,  Dec.  3,  vol.  iv.,  No.  II,  pp.  181-iS*. 
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Pr  Woodward  thinks  that  ths  structure  proves  tliat  S. 
itrabros'iii  had  been  an  aquatic  animal.  Judging  from  the 
fijiiure  which  accompanies  his  pnpcr,  there  seems  to  be  no 
OTff^n  displayed  which  wouhl  warrant  this  conjecture  The 
appendage  on  the  right  side,  marked  2  in  the  figure,  is  very 
difTerent  from  those  succeeding  it,  and  is  in  all  probability, 
as  suggested  by  Professor  Huxley,'  a  portion  of  a  chelate 
limb.  It  is  stouter  than  the  others,  and  the  second  visible 
joint  bears  a  row  of  tubercles,  which  strongly  recalls  those 
borne  on  the  third  joint  of  the  chelate  palpus  in  scorpions, 
with  which  joint  this  is  in  all  likelihood  Iiomologons.  Dr 
Woodward  is  therefore  probably  iji  the  right  in  looking 
upon  it  as  one  of  the  second  pair  of  appendages.  From  the 
study  of  the  older  Eurypterids,  I  am  in  a  position  to  show 
that  Eiirtfpleriia  scorpioides,  SHmonia  acuminata,  as  well  as 
Pteri/ffolHs  Aivflicuji  and  P.  hilohim,  had  each  a  pair  of 
chelate  appendages,  hut  these  were  the  homologues  of  the 
chelicent,  or  the  first  pair  of  appendages  in  scorpions  and 
Limulus,  and  the  phalnngids  and  the  falces  of  spiders. 
Like  the  homologous  organs  in  those  animals,  these  bore  no 
gnathites  at  their  baiwa,  a  fact  long  ago  pointed  out  by 
Woodward  in  the  case  of  the  nippers  of  Pteri/gotut  hUobaa 
and  P.  Amjliais} 

In    the    ahove-mRnt.in[i(?il    old(ii 
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Siimonia  acumiTtata,v/h\ii\\  vary  according  with  the  differeuces 
observed  in  the  opercular  or  genital  plates.  To  return  to 
Woodward's  figure  of  E.  scabrosus,  the  limbs  marked  3  and  4 
are  unlike  those  of  any  described  Eurypiemta.  Limb  4 
seems  only  to  require  the  terminal  claw  or  claws  to  complete 
it.  I'roin  the  nature  of  its  last-preserved  joint  it  is  highly 
probable  that  it  once  supported  a  double  claw,  like  the 
Eurypterid  foot  described  and  figured  by  me  in  the  Travsac- 
tuma  of  the  Royal  Society  of  Edinburgh,  which  it  closely 
resembles,  and  which  was  obtained  from  the  same  beds  at 
Langholm  as  the  E.  scabrosits.  The  little  projection  on  the 
upper  side  of  the  terminal  joint,^  which  is  now  bent  round  in 
foBsilization  so  as  to  look  backwards,  is  highly  suggestive  of 
that  little  projection  which  is  found  to  fold  in  between  the 
double  claws,  and  also  occurs  on  the  foot  of  the  recent 
scorpions.  In  the  same  volume  of  the  Transadiona  of  the 
Eoyal  Society  of  Edinburgh,  comb-like  organs,  sculptured 
with  the  characteristic  Eurypterid  markings,  were  figured 
and  described.  Since  the  publication  of  these,  several  more 
perfect  specimens  of  these  comb-like  appendages  have  been 
added  to  the  Geological  Survey  collections.  Tliis,  taken  in 
consideration  with  the  fact  that  Eurypterid  fragments 
abound  in  the  beds  representing  almost  every  carboniferous 
land  surface,  togetlier  with  the  remains  of  plants  and  such 
undoubted  laud  animals  as  scorpions,  and  that  they  have 
been  found  trapped  in  tree  stumps,  with  only  land  shells, 
gally-worms,  and  air-breathing  reptiles  for  companions, 
aifoids  a  strong  presumption  that  those  of  this  age  were  land 
animals  and  air  breathers.* 

Even  were  it  to  be  proved  that  they  had  been  aquatic 
animals,  the  £.  scabrosus  and  other  described  caibonifei-ous 

■  Tnuis.  Boy.  Sue,  Ediub.,  vol.  ixz.,  pi.  28,  figs.  11  and  lla. 

'  In  tho  serond  oditioii  of  liU  "Acudiaii  Goolugy,"  Sir  J.  W.  Dawson 
duscrikes  tlie  tetunitis  of  Eurypterida  aa  ocourring  in  the  erect  tree  stumps  of 
tin  Joggina  nulfietd.  He  hazards  the  conjecture  that  the  fragmeat  may 
rqpnanit  the  dermal  coatiog  at  reptiles,  such  as  liis  Deadrcrptton,  p.  372. 
^Sha  fignrcn  U3/aiid  g.  nod  H4  «-o,  given  on  p]>.  369  and  373  of  that  trork, 
bin  no  doubt  bb  to  the  nature  of  the  romaina,  an  they  exhibit  the  charac- 
teriatic  sculpturing  of  the  EurypterJda.  On  fig.  Hi  I,  p.  373,  in  all  protability 
is  shown  a  iwrtiou  ot  one  of  their  uomb-like  organs. 


4-W  I'liicet'Uiiff*  of  the  lioyal  Phytical  Socicti/. 

KurjTitcriils  ilifTer  so  tniicli  in  the  crniBtruction  of  their  limbs 
fruin  tlie  K.  remipes  of  Dekny,  the  type  of  the  genus,  that 
tlicy  wohUI  require  to  be  placed  ia  a  new  ona,  for  which  I 
I>ro[>oRe(I  tliu  name  Gti/ploseorpiii*}  As  the  above-described 
carapace  dilTers  fruni  any  hithei'to  ligurcd  or  described,  I  pro- 
jiose  to  cull  it  Glyptonrorpitta  Kidttoni,  after  the  distinguished 
botanist,  Mr  Kohert  Kidston. 

The  stiuAinironn  ornanientntion  bos  hitherto  been  con- 
sidered as  clinractcriatic  of  the  Eurypterida.  It  would  there- 
lure  be  of  JutereRt  to  see  whether  it  was  con6ned  to  them. 
It  lias  ah'cady  been  shown  nbove  that  it  is  not  so,  for  it 
occurs  on  the  tests  of  their  near  congeneis,  the  trilobites, 
the  peculiarly  Silurian  family  ofthe  Asaphidiv.  Salter  says  of 
Anaphua  tgiiinniis?  "The  sculptured  lines,  which  are  veri- 
table pliciL-  or  fiilds  of  the  crust,  are  wavy  and  interrupted, 
following  A  general  curve  all  round  the  margin,  but  sinuous 
and  inosculating  with  each  other,"  Again,  speaking  of 
iUnHHs  UaiTitusit?  "  The  whole  head  is  covered  with  the 
jieculiar  scjuanioiia  lineation  charactci-istic  of  the  Asaphida^. 
Among  recent  or  fossil  LTustacea  (the  trilobites,  owii^  to 
their  nmclinid  aftinities,  beiii^  excepted)  such  markings  may 
be  looked  for  in  vain,  but  a  Riinilav  sctdptunn-;  is  to  be 
found  on  the  limbs  of  the  recent  arachnids,  the  phalangids  or 
harvest-men." 
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part  of  the  animal  to  which  they  had  beloDged  was  not 
clearly  demonstrable. 

A  peculiar  interest  centres  lu  this  specimen,  owing  to  its 
occurring  in  the  highest  Coal-measures  of  this  country,  and 
is  found  along  with  plants  which,  on  the  Continent,  paaa 
up  into  the  Permian  beds.  This,  therefore,  shows  tiiat 
Eurypterida,  as  such,  probably  survived  till  the  end  of  the 
Palteozoic  period. 


Dimensions  of  Carapa*;?: 

GreatesI  length, 19   i 

(Ircntcat  widtb, 2S 

Width  acroM  cotitral  eyes 20 

DisUnco  ofcfntral  oyea  from  posterior  nmrgin,        .  8 

Long  axis  of  centril  eyes, I 

DiBtaoea  of  compound  eyes  rrom  poatcrior  margin,  ,  9 

Distance  of  coinponiid  eyes  apart,    ....  7 

Louger  diameter  of  comjioulid  eyea,         ...  3 

t'linrter  diameter  of  cDTnponnd  eyen,         .         ,         ,  I'S 

Width  of  lUnge  as  seen  on  left  side,         ...  4 


Description  of  Plate  XX. 

Pig.  1.  Cantpsce  of '7/yprujctirjn'uj  f  I'iMoni,  naturtl  size. 

Fig.  la.  Dingrammatif  vii.'W  of  under  side,  uatiiral  siiu. 

Fig.  \b.  Diagrammatic  view  of  (ig.  1,  magiiilled  to  show  eyes  and  natnr«  of 
ornmnentatioo.  The  shaded  portion  shows  nliero  the  dorsal  portion  of  the 
teat  has  broken  away,  so  ai  to  expose  a  cast  of  under  surface. 

Fig.  Ic.  Diagrsinmstic  section  across  eyea,  to  show  the  arching  of  hack  and 
folding  in  of  carapace  at  edges. 

Fig,  \d.  Ditto,  longitudinal  along  central  line. 

Fig.  le.  Diagram  to  explain  the  folding  in  of  squamifonn  ornament  from 
dorsal  to  ventral  surface. 

Fig,  2.  Outline  of  upper  side  of  carapace  of  i^T^pCrriM  rtmepif,  eXlcr  }\i\\). 
ndnplml  from  flgs,  in  Woodward's  "Moroslomata," 

Fig  ia.  Ditto,  under  side. 

Fig,  A.  Carapace  of  recent  scorpion,  a  little  enlarged  to  comptire  with  figs. 
1  and  \h. 

Fig.  4,  Ornamentation  of  lUanui,  after  Salter  slightly  maguiRed,  fur 
comparison  with  that  found  near  antcro.lnteral  margins  of  (Ig.  lb. 
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XXXVIII.  SiinthitUSiimmari/iifihelnfiKmceoftheEnviron- 
mnit  upon  ih<  OnjauUm.  lly  J.  Arthub  Thomson,  "Eat]., 
M.A..  F.Ii.i^.E. 

(K<^  2Ut  DccL-niber  lSa7.) 
"  Tliv  dirvi't  ni'iiiin  uf  tliu  umliuiu  wmi  tLe  iirJiuuntUl  fkctor  of  orgisie 
cvulutiuii."  — Si'  KM'  KII. 

AIL  iiatumlists  n^ree  in  interpreting  life  aa  a  relation 
Lutwuuu  two  fucts,— uii  tlie  one  Iiaud  tlie  plant  or  animal,  on 
the  other  tlio  uxtui'iiul  comlilions.  Function  in  the  connecting 
link  Inttween  the  twu  tiictK,  and  is  defined  in  general  terms 
us  nctiun  und  reactiuu  between  the  or^iinism  and  its  environ- 
ment. The  organism  moditie>i  it9  surruundiiigs,  and  is  in 
turn  luuditied  by  tliem,  and  these  two  proceaseB  are  the 
uliviously  cunipluuientary  ami  in!<c{mrnble  tisjieets  of  its  life. 
\a  Claude  Itei'iiard  says.  "  the  conditions  of  life  are  neither 
in  tlie  ur;;aiiisni,  nor  in  its  external  snrruiiiidiugs,  but  in  both 
at  unce."  The  organism,  though  in  itself  a  true  unity  of 
living  matter,  Imsi  its  pci'^onal  identity  niaiutauied  by  streams 
of  enei^'y  from  without.  It  is  unnecessary  to  go  to  the  one 
extreme  of  regaiding  tlie  organism  as  an  insulated  unity,  or 
tj)  the  other  extreme  of  su])i>osing  it  merely  a  focua  of  ex- 
ternal energies;  the  truth  of  both  aspects  may  be  combined. 
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—Our  analysis  of  the  environment  miist,  how- 
ever, be  prefaced  with  a  brief  historical  note.  That  external 
surroundings  influence  the  organism  is  no  new  nor  theoretical 
notion.  Even  as  far  back  as  Hippocrates  there  was  recogni- 
tion of  the  fact  that  climate  and  outside  forces  change  the 
body,  while  in  common  speech  and  everyday  action  the  fact 
is  constantly  assumed.  Nor  among  naturalists  wlio  have 
made  special  study  of  the  factors  causing  change,  has  the 
importance  of  the  environment  been  overlooked.  Those 
before  Darwlu  may  be  divided  into  two  schools,  according  to 
the  degree  of  dii'ectness  which  they  attributed  to  outside  in- 
fluence. The  one  school,  represented  by  Buffon,  Treviranus, 
and  Geoffrey  St  Hilaire,  regarded  the  surroundings  as  direclltj 
hammering  changes  on  the  organism.  The  other  school, 
represented  by  Erasmus  Darwin  and  Lamarck,  regarded  the 
environment  as  only  indirectly  prompting  to  change.  In 
Darwin's  works  the  only  action  of  the  environment  which 
can  be  said  to  be  much  empliasised  is  its  indirect  destructive 
action  in  the  struggle  for  existence.  Post-Darwinians  vuiy 
in  the  degree  to  which  they  allow  direct  truuslbrming 
action,  iu  addition  to  natural  selection.  Thus  it  is  fair  enough 
to  say  that  Spencer  and  Semper  allow  more  importance  lo 
direct  external  influence,  than  do  naturalists  so  widely 
separated  as  Nageli  and  Weismann.  To  Claude  Bernard  we 
owe  a  clear  concrete  treatment  of  physiological  problems 
from  the  point  of  view  indicated  in  his  definition  of  life, — 
as  a  harmonious  interaction  between  the  organism  and  the 
physico-chemical  ambient  conditions. 

4.  Analysis  of  tlte  Environmcnt.~1\iOse  external  influences, 
which  have  been  sliown  to  affect  living  matter,  may  be 
arranged  in  various  ways.  They  may,  for  example,  be  dis- 
tinguished as  animate  and  inanimate,  but  the  former  are 
comparatively  few,  and  are  in  most  cases  resolvable  into 
combinations  of  the  latter,  and  again  some  further  division  of 
the  large  sphere  of  inanimate  influence  is  imperative.  Or  it 
may  be  proposed  to  distinguish  the  exterual  influences  aa 
either  («)  chemical,  or  (6)  molecular.  The  first  division  would 
include  such  factors  as  the  chemical  composition  of  the 
medium   and   the   character   of  the   food;    the   second   set 
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would  coiBpriso  inflaencea  sach  u  pressare,  heat,  and  ligl 
The  clear  diviaioD  into  pbrsioo^liemical,  biological,  ai 
p^ohological  has  also  been  snggesud,  the  first  being  i 
ftaimat«  factors,  the  second  aaimate,  and  the  third  includii 
those  influeoces  which  inflaeuoe  the  minds  (if  we  may 
speak)  of  animals  rather  than  their  bodies.  Xbe  Ust-mentioO' 
intlui-nc«a  are  doubtless  ven-  important,  especially  for 
Lamurckian,  bat  ther  hardly  come  within  our  present  limi' 
In  Comte's  plan  of  a  biological  course,  the  eDviroument  w 
resolved  into  two  portiona,  to  which  a  third  was  afterwar 
added :  (1 )  astrunomical.  chemical,  and  physical  factors ;  ( 
soil,  atmosphere,  and  water ;  and  ('-i)  the  animate  aunoun 
ings,  both  quantitative  and  qualitative.  The  follow! 
scheme  exposes  a  mure  detailed  combination  of  prerio 
suggeetiona 
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4r)l)  ProfetiliHiji  of  the  Boyal  Phyneal  Society. 

(1.)  Tlic  fint  diriiioii  incluJii  what  mar  ^  nlled  molar  or  mocbaaical 
ilillueliccis  auuh  aitlie  lateral  prcainre*  orcnmnta  inairor  water,  tbarwtkal 
]>Ti-»»irv<ir|;nivityororiia|>«riiii;umbent  muaea,  and  alto  tha  amoant  of  qaca 
at  the  iliiiiMiaal  of  tlio  urcaiium. 

(2. )  The  awoDiI  iliviaion  or  aheath  of  inflaeuefa  eoiapria«a  ths  inflnanoe  ct 
food,  both  aa  legarda  i|iiautity  and  qDalitj,  the  amouut  of  axygai  available; 
tb«  quautity  of  water,  tlie  chumicU  compoaition  of  the  mtdinm,  inelndlng 
aoil,  water,  air,  iiiteriur  ot  ullivr  orf^iiiima,  and  M  on. 

(3.)  Thntliirdiericsnru  tlialiigbcrrornuofcnci^,— heat,  light,  eloctridtr, 
and  mafpietiaiu. 

(4.)  The  fourth  diviaiau  iiifluilcainfluenceadne  to  other  ori^iam^  whetbtf 
those  lie  iiDil>ly  neighlwun,  caJiual  lusociatei,  Inie  catnmcnaala,  p«nritea,  or, 
inuet  intimately  of  all,  syml'iuiia.  Under  tbii  head  the  inflneDce  of  man  in 
bin  work  of  duuieaticatiou  miglit  abio  bo  iioteil. 

f).  Hevifw  of  Concrete  Hesearc/ies. — Under  the  headingB  just 
iiidiuatcd,  some  illustrative  researches  must  uow  be  noted. 
Some  of  those  cited  htg  already  familiar  and  classic,  others 
jHirhaps  less  so.  Tlio  text  must  be  read  along  with  the 
classitied  biblio^^phy,  which  is  simply  intended  as  on 
HjiiH-'iidix  to  Scniper's  well-known  work,  "  Tlie  Xatuml  Con- 
ditions of  Kxistcnce  as  they  alfect  Animal  Life"  (1880),  to 
which  I  cannot  too  atronfjly  express  my  obvious  indebtedness. 
The  majority  of  the  rosearcht's  liere  referred  to  are  of  a  later 
date  than  tliosc  given  by  Scm]ier ;  and  it  only  remains  to  be 
added  tliat,  in  seveml  cases  where  the  literature  is  l^on, 
(e.ij.,  on  the  intluence  of  light  on  vegetation,  and  on  the 
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!  of  the  surrounding  medium ;  and  many  passive 
organisms  from  sponges  to  trees  afTord  abundant  illustration 
of  such  shaping  intlueuce. 

(c)  Vertical  Pressure. — Alteration  of  pressure  affects  the 
growth  of  plants  (33) ;  Rauber  and  Sachsse  (22),  experiment- 
ing on  embryos,  showed  that  augmented  pressure  tended  to 
alter  the  shape,  e.if.,  to  increase  the  breadth,  while  lessened 
pressure  evoked  dropsical  forms ;  Regnard  (23),  Certes  (9), 
and  others,  have  shown  that  very  high  pressure  induces  latent 
life,  etc. ;  and  Romanes  (24)  has  also  been  working  at  the 
effect  of  pressure  on  excitable  tissues.  Under  this  head  the 
influences  of  altitude  (6,  7,  18),  bathymetrical  distribution, 
and  the  like,  ought  to  be  included.  Gravity  itself  is  known 
to  be  an  important  factor,  influencing  phenomena  so  diverse 
as  the  position  of  material  in  the  ovum  before  and  during 
segmentation,  cell-division,  growth  of  trees,  and  shapes  of 
mollusc  shells  (8.  10,  11,  llrt,  14.  19.  20.  21,  31,  33).  Some 
other  mechanical  influences  difficult  to  classify  are  referred 
to  in  the  bibliography. 

II.  Chemical  Isfluesces. 

(Bibl.,S5-HI.) 

(n.)  Amount  of  Oxygen. — In  a  broad  shallow  vessel  with 
consequently  good  aeration,  Yung's  tadpoles  (70)  developed 
more  rapidly.  Gratacap  (47)  observes  that  increased  oxygen 
makes  insects  at  first  very  restless  and  active.  An  overplus 
of  oxygen  evokes  strong  movements  in  a  raramadiim.,  and, 
according  to  Rauber  and  Sachsse  (57),  quickens  the  embryonic 
development  of  fishes  and  amphibians  in  the  region  of  the 
gill-slits.  A  superfluity  of  oxygen  has  been  shown  (51)  to 
afl'ect  the  formation  of  pigment  in  frogs.  On  the  other  hand, 
Fiszer  (41)  observed  that  deficient  oxygen  quickens  the 
pulsations  of  the  contractile  vacuoles  of  Infusorians,  just  as 
it  would  make  a  flame  leap  and  quiver. 

(6.)  Avwunt  of  Moisture.- — Drought  is  often  followed  in 
some  of  the  loweranimals  by  encystation, desiccation, and  latent 
life.  A  Ponlediiria  has  a  spongy  airy  stem  in  water,  very 
different  from  that  which  it  exliibits  when  on  shore;  and 
other  changes  in  plants  have  Iwen  associated  with  the  amount 
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of  moisture  (40,  59).  Tlie  degree  of  moisture  has  a  marked 
otfect  ou  the  ttrowtli  of  tlie  mantle  of  mollnscs.  The  well- 
known  case  of  the  transition  from  Axolotl  to  Amblystoma 
(07)  may  be  recorded  under  this  head. 

(c)  Composition,  of  the  Medium. — In  spite  of  certain 
ittrictures  (37, 38),  tlie  classic  experiments  of  Schmankewitscli 
(00)  are  still  accejtted  to  this  extent  at  least,  that  by  altering 
the  oalinity  of  the  water  he  was  able  gradually  to  change 
one  species  of  Arlemia  into  another.  There  are  numerous 
o.\t>eriinents  un  reconl  as  to  the  ofTect  of  transferring  organisms 
from  one  medium  to  another  (.'15,  40,  fl.'i,  56,  58,  65,  66),  and 
Soltas's  observations  (63)  on  the  ori<jin  of  fresh-water  fauna 
are  in  this  connection  of  ffcetit  interest.  Alteration  of  salinity 
has  been  shown  to  influence  form  (61),  rate  of  development 
(69),  colour  (CO),  and  even  affects  the  characters  of  the  blood- 
corpuscles  (40),  etc.  The  elaborate  researches  of  Fredericq 
(48,  44)  are  in  this  connection  of  great  importance,  as  show- 
ing that  the  composition  of  the  blood  of  many  animals  under- 
fjoes  change  witli  alteration  of  salinity.  Krukenberg  (50) 
has  also  recently  made  a  long  series  of  observations  on  the 
rektion  of  the  composition  of  Medusa;  to  that  of  the  surround- 
ing medium.  Very  fundamental  are  the  elaborate  researches 
of  Frommann  (45)  on  the  reactions  of  protoplasm  and  cells 
to  external  chemical  inlhieiicaa.     Ziichariita  (TO)  made  b perms 
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Copious  mitritioD  is  well  known  to  favour  not  only  increase 
in  size,  but  asexual  reproduction,  which  ia  only  a  process  of 
more  or  less  continuous  growth.  With  abundant  nutvillon  a 
plant  may  go  on  repi'oducing  asexually  by  stolons,  etc;  if  the 
nutrition  be  checked  in  root  pruning,  etc.,  sexual  reproduction 
is  incited.  That  scarcity  of  nutrition  is  one  of  the  conditions 
of  the  change  from  parthenogenesis  to  sexual  reproduction  in 
Aphides  is  probable;  and  Keller  (91)  has  recently  shown 
that  stoppage  of  nutrition  in  Phylloxera  causes  the  partheno- 
genesis to  cease.  Good  nutrition,  ovarian,  uterine,  or  larval, 
tends  to  the  production  of  female,  rather  than  of  male  forms. 
It  is  the  peripheral  and  better  nourished  cells  in  the  alveoli 
of  the  hermaphrodite  glands  of  snails  which  form  ova  (100), 
while  those  more  central  become  spermatogonia.  Wilckeus 
and  others  (107,  83)  conclude  that  better  maternal  and  em- 
bryonic nutrition  tends  to  female  offspring.  Mactj  (95) 
observes  that  the  embryos  oiAscaris  dadyluris,  developing  in 
anabolic  conditions  within  the  mother,  were  all  females. 
Yung  (108)  greatly  increased  the  proportion  of  female  tad- 
poles, by  increasing  the  quantity  and  quality  of  the  food. 
Eich  nutritive  environment  may  apparently  replace  the 
necessity  of  male  stimulus  (90, 106).  In  a  wider  connection, 
Sutton,  in  his  suggestive  "General  Pathology"  and  else- 
where (104,  105),  has  laid  great  stress  on  the  importance  of 
hypertrophy  in  evolution,  believing  that  it  is  the  principal  pro- 
cess in  the  transition  from  hermaphroditism  to  unisexuality. 
Scarcity  of  food  has  been  shown  to  have  opposite  effects  to 
those  above  stated  in  regard  to  abundance  ;  tending  to  reduc- 
tion of  size,  to  sexual  not  asexual  reproduction,  to  the 
production  of  males  rather  than  of  females.  Zacharias  (110) 
has  made  the  interesting  observation,  that  with  abundant 
nutrition  a  certain  Planarian  went  on  reproducing  aaexually, 
while  checking  the  nutrition  stopped  the  process.  In  abun- 
dant nutrition  Infusorians  go  on  reproducing  rapidly  by 
fission ;  with  less  luxurious  diet  the  rate  is  decreased ;  at 
low  ebb  they  conjugate  (96,  97,  98,  86).  To  Kolph  (101a), 
and  others,  conjugation  has  seemed  almost  identical  with 
the  satisfaction  of  hunger.  Reduction  of  nutrition  appears 
to  be  a  coudition  necessary  for  the  conjugation  of  the  spores 


■  T'i::;i-;--r:*  ■>;■  .  Tb-*  »n!:*c;ion  of  periods  of  fastiniE: 
«■:::.  •':.r  •-  -■  -i^l.r.z  ^tii.'.  climax  has  been  repeatedlr 
r.  ::r-i  "J  ■■.  .  lU-f-irh  r_i5  recemlr  directed  attention 
■■:  '.''r  ■.~Z'r:\r.-^  -.i  ristiaj  ia  deTel'>pmeat  (73,  73,  74, 
TT  \:. :  -'•-■?  ::*.!r  ■::'  one  .:■:'  a:*  paper?.  "  Der  Hnn^er  ala 
•  ri-TT,  >*  rrlr."!:-  :a  'i^r  Xi::ir.''  i?  saflicientlv-  sag^estire. 
H -rfTr.ir.  *-.  -•  r.:-:*s  s.--me  .:.v«s  of  the  hereiiitarr  tna^ 
y^-i:-:i  of  :hin;:-r»  ac.viir*-!  f'V  certain  plants  as  the  result 
•■•' •i"r.:i^T:' r.i'.ri'.l-;:i.  A  ?v^^^*ei  Amphibian  mar  be  kept 
:■•  •x-;  y~.\T-  ::i  liml  f-rru:  wi;h  insufficient  food  certain 
insri:":  hn-'-  ■!■■  r.'-:  f.-rm  th-;  n^ail  coom,  and  the  popffi 
ar>>  «:ii  i:''>r  :  -Mrv"r  i  ■r-atTpi';'.  »r*  an-i  tailpoles  tend  to  become 
ti.il.;=.  an'l  s"  vTi  S3.  '^4.  ■■'7.  lOli.  1031.  Finally,  there 
ar-  many  f  ::ir.j"*.  fr^m  tin-  C"loar  of  feathers  to  the  coatiDg 
1.1  the  ■ii.;':n.i.:h.  which  art-  wt-11  known  to  be  associated  with 
ijian.'-?*  rif  .iirt. 

In  it.«  inflrieiice.  Ix'^^h  ""'ii  the  vegetative  and  reproductive 
-vfU-nis,  fiio-l  i«  uiiii'->ulit>:-Uy  on*>  of  the  most  important  en- 
vir..iiTiii_-ntal  fact-jt«.  T"  Claii-W  IVniard.the  whole  problem 
111"  evi'liuion  was  very  nin-.-h  a  nufstion  of  variations  in 
iiiiirition.  "  I,'.' volution.  e\-fl  I'ensemble  constant  de  ces 
jiUernatives  tie  la  muritiiin:  c'est  la  nutrition  consider^ 
ilaiis   sa   rt'aliti',   L-nihrassw;   <.V"ii   coup   dVeil   k   travers   le 
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at  any  rate,  increase  o£  heat  must  be  regarded  as  ii  katabolic 
condition.  Various  experiments  have  been  ma(3e  on  the 
adaptation  of  orfjaoisms  to  increased  temperature  (134),  and 
Dallinger'a  (116)  recent  elevation  of  monads  from  life  at  65° 
y.  to  life  at  158°  F.  are  particularly  noteworthy. 

Cold  has,  of  course,  generally  a  reverse  action,  checking 
activity,  finally  producing  coma,  diminishing  the  rate  of 
development,  and  tending  to  produce  dwarf  or  even  larval 
forms  (113,  115. 120,  132,  134,  etc.).  Labonlbf'ue  (126)  notes 
how  low  temperature  and  damp  atmosphere  may  retard  for 
years  the  development  of  the  embryo  of  Ascaris  lumhricoidts, 
wiiich  normally  requires  only  a  month  or  so.  Reaumur's 
classic  experiments  on  aphides  show  that  the  cold  of  approach- 
ing autumn  is  one  of  the  conditions  of  tiie  return  of  males; 
and  various  suggestive  observations  have  been  made  on  the 
relation  between  temperature  and  sex  (121,  124, 129,  133, 
138).  That  alierations  of  climate  in  the  past  may  have  had 
important  modifying  influences  on  organisms  is  extremely 
probable,  and  Weismaun  (137)  has  given  a  full  discussion  of 
this  factor  in  reference  to  the  seasonal  demorpliism  of  some 
Lepidoptera. 

{h.)  Lvjht  (140-189).— A  beam  of  light  shed  on  a  giant 
aniceba  {Pelomyxa)  causes  a  shock-like  shrinking,  and  a 
general  contraction  is  common  among  higher  forma  (144, 
Ifjl).  The  majority  of  animals  avoid  strong  illumination, 
but  not  a  few  are  as  markedly  light-seeking  (150,  151,  152, 
161).  It  is  possible  that  some  of  the  incipiently-eyed  and 
many-eyed  lower  animals  may  absorb  solar  energy,  and 
deserve  the  title  "  heliophagous  "  (158n),  Light  is  believed 
in  some  cases  to  affect  the  colours  of  animals  (156),  and  this 
seems  demonstrable  in  the  familiar  instance  of  bird's  eggs 
(157).  Tfung  has  made  an  elaborate  series  of  experiments 
(181-189)  on  the  influence  of  differently  coloured  light  on 
the  development  of  tadpoles,  while  Po niton's  beautiful 
researches  (163,  164,  165)  on  the  influence  of  coloured 
surroundings  on  insect  larva;  and  pupa-  afl'ord  one  of  the 
best  illustrations  of  a  very  subtle  environmental  influence. 
Hi5ron-Eoyer  (153)  quickened  the  development  of  the  larvte 
of  Bombinator  by  prolonging  the  conditions  of  daylight. 
VOL.  IX.  2  n 
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That  li^ht  may  iiiUiieiicu  uniniiiU  quite  apart  from  their  eves 
lias  beun  rt!i>GHteilly  sliown.  espuuially  by  Platean  (161n,  162) ; 
innny  ti-ncheato  Arthropods  are  indisputably  **  dermatoptic." 
Sonic  oUier  influences  of  li;>ht  are  noted  in  the  bibliographr. 

In  relatiiin  to  plants,  li^ht  is  well  koown  to  have  a  y«t 
more  iin|>ortant  and  very  varieil  actioD,  e.g.,  on  the  inter- 
(;)iiin^  of  <rasea,  on  the  dispoailion  of  chlorophyll,  ou  the 
direction,  expanse,  and  distribution  of  leaves,  on  the  numbt^r 
of  stomata,  on  the  histology  of  the  leaf,  on  plant  movements, 
and  so  on  (141-U:t,  14H,  160,  IC6,  167,  172-175,  177.  17y, 
ISO).  Lij;ht  is  even  a  factor  in  variations  of  reproduction 
ninon<;  alfjn;,  r.;f.,  in  HutrifdiHin.  It  is  now  a  familiar  (hut 
tliiit  strong;  Hunli};]it,  and  not  heat,  is  the  most  potent  and 
universal  antagonist  of  frcrnis. 

The  ithsencc  of  li<{ht  stimuhiM  can  hai'dly  be  denied  to 
have  a  iihare  in  the  dcgcnuration  of  animals  living  in  dark 
roKions  {146,  147,  158,  iriO.  IfiS,  170;  cf.,  however,  178). 
l>arkuu8S  is  unfavourable  to  the  development  of  some  cater- 
pilhirx,  und  also  influences  tadpoK's  (154,  155,  181-189). 
Suhneidur  (168)  tins  recently  noted  that  subterranean  condi- 
tions tend  to  produce  reversion  to  young  or  embtyonic 
(londitioiis.  According  to  Strtjthill  Wright,  polypes  of  the 
higlier  Acalcpli:o  kept  in  darkness  multiply  abundantly  by 
buds  only,  while  iu  the  light  and  with  insufHcient  supplies 
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inliueiiced  directly.  It  would  be  idle  to  assert  that  flowers 
had  suffered  uo  mechanical  modiflcations  from  the  visits  of 
iusects,  or  that  ants  and  other  visitants  have  coiue  and  gone 
lor  nilllennia  without  leaving  traces  of  their  direct  work. 
Especially  where  ori,'auisui3  have  become  constantly  associated 
does  the  InHueuce  make  itself  markedly  felt.  Thus  Semper 
(204)  notes  how  the  inliueuce  of  sea-spiders  {Pijcnogaiiidai) 
on  Hydroids  acquires  the  constancy  of  a  specific  cliarticter, 
and  refers  to  tlie  mutually  influential  associations  of  a 
Baccinum  and  a  Gorgonia,  of  au  Annelid  and  an  Antipailiea. 
The  characters  of  Tubu/.aria  parasitica  lately  described  by 
Korottneff  (199a)  cannot  be  uuderatood  apart  from  the 
Ijmilatious  of  the  Gui-gouia  wiiich  it  inhabits;  and  F,  E. 
Schuize  (203),  in  his  recent  Report  on  the  "  Challenger " 
Hexactinellida,  notes  how  commensal  polypes  (Stepkoscyphus 
mirabilis)  have  wholly  altered  the  form  of  a  sponge  Myxilla. 
Koasmaun  (204)  explains  the  asymmetrical  growth  of  a 
parasitic  Crustacean  {Padiybddla)  as  the  direct  result  of 
pressure,  as  at  first  abnormal,  but  now  inherited,  Giard 
(19S)  has  lately  described  how  the  parasitic  Crustacean 
Sacadina,  infesting  the  aharp-beaki?d  crali  Stcnorhj/ncAjts,  has 
affected  copulatory  appendages  and  other  sexual  characters 
almost  to  the  degi'ee  of  castration.  In  a  later  paper  (199)  he 
has  given  other  instances,  That  parasites  (200)  may  exert 
distinct  influence  on  their  host,  as  well  as  vice  versa,  goes 
without  saying ;  inflammation,  rupture,  choking,  deterioration 
of  juices,  and  other  effects  less  disadvantageous,  may  result ; 
and  lioux  (202)  notes  how  even  changes  in  the  capillaries  and 
histology  may  be  effected  by  a  parasite.  That  true  symbions 
must  have  an  important  influence  on  function  is  also  obvious. 
A  simple  reference  to  the  direct  influence  of  man  in  domes- 
tication may  fitly  close  this  catalogue  of  environmental 
influences. 

C.  Pki/swioi/ical  ClassijUation  of  Results. — The  environ- 
mental influences  may  also  be  classified  according  to  the 
various  systetna  affected.  Such  a  classification,  from  the 
organism  point  of  view,  might  follow  the  usual  series  of 
systems,  as  indicated  in  the  middle  column  of  my  table. 
Certain  conditions,  cHpL'cially  of  a  mechanical  and  iiufiutita- 
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tivu  cliariicter,  atll'ct  the  vegotntive  syBtem ;  others,  such  os 
heat  iind  markedly  varied  nutrition — more  of  the  nature  of 
real  stimuli — operate  on  the  ritproductive  energies.  Some 
intiucnccs,  such  as  light,  are  more  importaut  in  regard  to 
the  Stitisory  and  nervous  systems  of  animals,  while  others  of 
a  gros^r  nature  airuct  more  conspicuously  other  parts  of  the 
or<^nism.  Or  a^ain,  modifying  the  central  column  of  my 
diagram,  the  progress  of  researcli  should  make  it  possible  to 
draw  up  a  series  of  tables  in  which  tlie  influence  of  external 
factors  (such  as  heat)  might  be  illustrated  in  operation  on 
tlie  protoplasm,  on  the  cells,  on  the  tissues,  on  the  oi^n,  on 
the  organism  as  a  whole,  and  even  on  the  species.  In  regard 
to  general  adaptation,  such  an  analysis  has  been  sketched  by 
Miiusterberg,  but  in  spite  of  fuudumcntal  researches  like  those 
of  Frommann,  the  rultitivG  scantiness  of  available  material 
makes  such  a  task  as  yet  premature.  It  hardly  needs  to  be 
stated  that  e?;cept  in  the  ca:ic  uf  mechanical  factors,  like 
currents,  the  iuHuence  affects  the  protoplasm  first,  and  thence 
saturates  throughout  the  system.  The  organism  cannot  be 
supposed  to  react  directly  to  external  influence,  as  litmus 
l>ai)er  to  an  acid. 

7.  Physiological  itationalc  uf  Kneiroiiimnlal  Influence. — In 
many  coses  it  is  easy  to  understand  why  a  given  external 
change  should  be  followed  by  a  ilelijiitc  organismal  vaiiatiou. 
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the  like,  Tiie  most  satisfactory  rationale  of  a  set  of  environ- 
mental influences  known  to  me  is  that  given  by  Geddea  in 
his  papers  on  sex  (83, 84),  where  he  shows  that  the  conditions 
favouring  the  production  of  male  offspring  are  generally 
katabolic,  and  those  favouring  the  production  of  females 
are  similarly  anabolic.  This  result,  reached  by  adding  up 
the  observations  of  numerous  investigators,  is  in  beautiful 
harmony  with  the  conclusion  which  he  has  reached  along 
other  lines — that  the  male  is  a  relatively  katabolic,  and  the 
female  a  relatively  anabolic,  oi^nisni. 

8,  SuseeptibUiiy  to  Enmronmenlal  Infiumce. — In  estimating 
the  probable  historic  inituence  of  the  environment,  it  must 
be  allowed  that  organisms  are  variably  susceptible  to  external 
influence,  and  that  some  factors  are  much  more  potent  than 
others.  The  chemical  character  of  the  medium,  nutrition, 
heat,  and  light  are  evidently  more  influential  external  condi- 
tions of  variation  than  pressure,  electricity,  or  animate 
surroundings.  It  is  equally  obvious  that  simple  and  young 
forms  are  more  in  the  grip  of  external  surroundings  than  are 
complex  and  adult  organisms,  so  that  "  the  direct  action  of 
the  medium"  was  much  more  important  as  a  "primordial 
factor  of  organic  evolution  "  than  in  later  days. 

The  Protozoa  and  Protophyta  are  evidently  much  less 
emancipated  from  their  environment  than  higlier  forms. 
They  are  saturated  by  their  surroundings  in  a  sense  which 
cannot  be  maintained  of  higher  unities  except  in  their 
germinal  stages,  and  they  are  well  known  to  be  impressible 
to  a  degree  impossible  in  the  higher  animals  and  plants. 
On  the  other  hand,  many  of  the  higher  organisms  live  in  a 
more  complex  environment,  with  which  they  are  connected 
in  subtler  and  more  numerous  relations.  Claude  Bernard 
(247)  distinguished  three  degrees  of  independence  in  relation 
to  the  environment — (1.)  lattiU  life,  as  in  seeds,  germs, 
encystations,  and  desiccated  oi^anisms;  (2.)  oscillanl  life,  ab 
of  plants  in  winter,  or  of  hybernating  animals;  and  (3.) 
constant  life,  as  of  higher  organism. 

Another  contrast  is  very  evident  Paaaive  forma,  like 
sponges  and  alga;,  corals  and  trees,  are  much  more  in  the 
grip  of  their  environment  ihan  are  active  form?  like  insecisi 
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am)  I'iriU :  liut  tlu-ir  stimmndinps  liave  a  much  more  restricted 
i')i:ir.u-ti-r.  Thii.4  we  tiiiil  sp<>ii<res,  corals,  and  shells  moulded 
as  n-vMi'i"  llifir  i-xt'Tiial  fonii  by  cnrretits,  just  as  treu.s  are 
M-iwii  ii.tii  hIkijh'  !■>■  lilt'  wind.  But  the  variations  so  pro- 
>liii-e<l  iiiv.  i-<iiiiiiarativi-l_v  siw^uk in;;,  small  details.  Dall  (iWi) 
imtiLi-i  ill  rt';j;ini  to  deep-sea  nn>llu3cs,  where  the  chnn^^es  in 
(■nvinniiiii-iit  ar-'  obviniisly  few,  thut  the  iiimiber  of  tt]«1ivida;il 
v:u'iiiti<ins  in  turm  ant)  sculpture  is  often  great,  but  the 
i;iiniU.'r  of  "tlexilde  Species  "  few.  Similarly  the  compani- 
livi-ly  ii'ii^-livcd  iiiid  passive  leaves  of  plants  are  anlijeet  to 
iiiinu'iMii.''  variiiiii.iis,  in  many  L-!ises  di>utitless  envii-nnmental, 
»liil>'  the  sh'Tt-livod  and  n.-latividy  active  reproductive 
liMVi'H  urtf  mnoli  k'ss  sniiject  to  detailed  environmental 
Viiii.itioii-i.  1  lill'cn lu-os  in  tln'  reproductive  or^na  of  plants 
i:iii  iiidi-i-il  W  nir  ly  a:j-iK.<iut<'d  with  environmental  intlnence 
exi'i'pi  in  tlif  ra-'i-'  iif  nieeljanical  nioiiitiiiition^due  to  insceti>. 
As  with  li'ss  jui-isivf  ort^atiisnis,  sii  with  less  ve-iulativf  jKins, 
tlii'V  iirc  Ifss  in  tin*  ;:rii*]i  of  their  environment. 

Vet  iii-tive  iiriutnisius  come  within  a  richer  and  more 
v;ii'ialde  cinle  <•(  inllueuce.'*,  some  of  which  have  doubtless 
lijiil  a  ilireetly  nuMiifyini;  acti»n  ;  and  it  is  significant  in  this 
i-iiiitiei'tiun  to  nutire  that  the  ]ias!iive  forms,  with  limited 
.inii-'innieiit,  lire  velntively  nn|irii';rfs-;ive.  In  R)ipreciating 
^  like  spuRLres,  echiiii'ilenii.^.frl'ivalvi 
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9,  Bfgrees  of  EnvironmentaX  Influence. — It  is  obvious,  from 
the  illustrations  which  have  beeu  given,  that  the  environment 
may  cooilition  changes  varying  greatly  in  their  degree  of 
directneBs.  If  the  environment  remain  constant,  it  is  assumed 
that  it  will  preserve  the  organism  in  statu,  qui?.  If  it  change, 
there  may  be  the  following  dift'erent  modes  of  action  i — 

(1.)  When  au  Amd^ba  shrinks  up  under  a  sudden  beam  of 
light;  when  a  drop  of  dilute  ammonium  carbonate  brings 
down  a  sun-animalcnle  from  its  normal  hetiozoon  form  to  an 
amieboid  phase  ;  when  othtsr  influences  reduce  ciliated  cells, 
or  even  spernia,  to  the  ammboid  level;  when  the  Infusorian 
pulsates  violently  in  deficient  oxygen ;  when  heat  increases 
their  locomotion ;  change  within  the  organism  may  be  said  to 
follow  as  the  direct  result  of  change  in  external  conditions. 
The  simplest  coses  of  all  are  those  in  which  a  surplus  of 
some  form  of  energy,  such  as  heat  or  food,  is  received  by  the 
organism,  and  forthwith  expressed  in  some  probably  equivalent 
orgauismal  change.  In  higher  organisms,  and  with  more 
complex  environment,  though  we  can  still  aay  that  altered 
conditions  have  been  followed  by  a  certain  change,  it^  is,  as 
yet,  impossible,  in  the  majority  of  cases,  to  form  any  concep- 
tion of  the  series  of  changes  from  the  original  external  one  to 
the  final  internal  result,  impossible  also  to  say  how  far  tha 
internal  modification  is  proportionate  to  the  external  change, 
or  how  far  it  is  the  result  of  a  series  of  changes  to  which  the 
new  stimulus  simply  gave  the  initial  impulse,  as  the  pulling 
of  a  trigger  to  the  discharge  of  a  riHe.  But  still  it  seems 
legitimate  to  regard  a  large  number  of  instances  as  internal 
variations  directly  conditioned  by  external  changes. 

(2.)  AU  who  have  attacked  the  problem  of  variation  have 
allowed  that  one  variation  may  bring  another  in  its  train. 
A  change  in  respiration  may  bring  about  a  change  in  circula- 
tion ;  a  change  in  the  nervous  system  may  be  followed  by  a 
change  in  the  muscular.  And  thus  a  second  category  may 
be  established  for  secondary  or  correlated  internal  variations, 
consequent  on  primary  environmentally  conditioned  cbangits. 

(3.)  When  the  organism  immediately  responds  to  a  change 
in  outside  conditions,  its  action  may,  in  many  cases,  be 
described  m  a  direct  parry  ;  and  in  some  cases  this  appears 
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to  be  i-lausibly  refuraldu  to  direct  environmental  influence. 
In  utlier  caaca  tlic  ur^aiiisni  nsserts  itself,  in  relatioD  to  the 
environment,  by  wliat  way  be  descriketl  aa  a  thrust.  Xow, 
without  ileiiyiu<;  tlie  jKtssibility  of  distinguishing  distinctJy 
iutcruul  or  im  If  penile  lit  organismal  variation,  it  is  necessaij 
ti>  admit  tlm  pussibtlity  ol' environmental  InfluenceB  remain- 
ing lung  durniant,  being  slowly  added  up  within  the  organiain 
until  they  linally  express  thcuisuivea  in  what,  in  one  sense, 
comes  from  within,  but,  in  auuther  sense,  comes  as  truly  from 
without, 

(4.)  When  aninitUa  are  kept  in  a  confined  space,  or  in  other 
L-luui^etl  external  conditiom,  it  has  been  shown  that  a  pigmy 
lirv^iHl  limy  be  the  result.  liut  this  only  shows  itself  in  the 
uuinse  (if  ^enenitiuua.  The  transition  from  one  species  of 
lii'ine-.shrimp  to  another,  ellocted  by  idteriiig  the  salinity  of 
tliu  witter,  reiinired  a  succession  of  generations.  It  seems 
piubable  tliat  this  must  have  been  the  case  in  all  the  supposed 
(.•nvironnieiital  mod ilica lions,  which  have  been  of  historic 
importance.  Thus  we  may  ileliiie  a  fourth  category  of  en- 
viniiinicntul  variiitions,  which  may  not  be  very  appreciable  in 
the  itidiviiluul,  vxcept  in  uflceting  the  repixiductive  elements, 
throiigli  which  the  changes  become  expressed  hi  the  offspring: 
iiiirfiirth  (--4),  for  instance,  notes  how  in  the  trout  the 
absuucu  of  suitable  spuvrniiig  gixiund  conditions  (1st)  reten- 
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Thia  general  action,  foUoweil,  of  course,  by  otbera,  must  alao 
be  allowed. 

(7.)  While  anything  of  the  nature  of  cataclysroic  action  is 
regarded  with  just  suspicion,  there  can  be  no  doubt  that 
unusual  environmental  conditio  us  may  aifect  crowds  of 
organisms  in  a  somewhat  wholesale  way.  Thus  liupert 
Joues  (212)  gives  a  list  of  the  various  conditions  which  may 
affect  a  whole  series  of  organisms,  or  even  a  fauna. 

(8.)  Lastly,  it  is  enougli  to  notice,  that  if  we  regard  the 
environment  as  comprising  animate,  as  well  as  inanimate, 
external  induences,  the  eflect  of  multiplication  of  rival  com- 
petitors within  a  species,  and  of  inimical  members  of  other 
genera,  may  affect  the  organism  not  only  directly,  but  also 
indirectly,  through  the  inanimate  environment  Thia  category 
of  influence  is  familiarly  included  in  the  conception  of  the 
struggle  for  existence,  or  of  natural  selection. 

10.  Periods  of  Environmental  Influence. — It  is  also  in- 
structive to  classify  the  induences  in  order  of  time.  (1.) 
Influences  begin  to  operate  upon  the  germ-cells  in  silv. 
According  to  its  position,  the  ovum  will  be  subject  to  varying 
nutritive  conditions.  In  some  cases  the  ultimate  ova  are  the 
most  successively  nourished  individuals  among  a  crowd  of 
unsuccessful  competitors.  In  the  primitive  hermaphroditism, 
said  to  occur  in  the  history  of  many  unisexual  forms,  the 
predominant  uutrition  of  certain  areas  is  doubtless  of  im- 
portance. Sutton  {op.  cit.)  maintains  the  general  proposition 
that  hermaphroditism  is  primitive;  that  hypertrophy  is  at 
least  one  of  the  processes  in  the  differentiation  of  the  separate 
sexes;  and  that  "reproduction  in  Verlebrata,  so  far  as  is 
known,  is  impossible,  unless  hypertrophy  of  one  set  of  organs 
occurs,"  Itoux  (op.  ai,,  222)  has  shown  that  definite  injuries 
to  the  ovum  produce  definite  defects  in  the  embryo. 

(2.)  The  stimulus  of  the  male  element  is  another  influence 
ab  extra  on  which  various  naturalists  {e.ij.,  Treviranus,  269  ; 
but  especially  Weisraann,  244)  have  laid  empliasis.  The  case 
of  bees,  as  usually  interpreted,  is  a  familiar  illustration  of 
importance  in  this  connection.  The  difl'erence  in  the 
maturation  of  parlhenogenetic  and  normal  ova  (established 
by  Weismann  and  othei.s)  ought  also  to  be  noted.    It  is  again 
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^encmllr  belicvei)  tliat  the  conilition  of  the  reproductive 
}iroilu<:U>.  at  tlie  time  of  fertilisation,  has  some  influence  oa 
thn  sex,  eb:.,  nf  the  otl's|irin},'.  And  in  regard  to  liybridisation, 
whicli,  fur  all  we  know,  iiiny  have  been  of  some  importance 
in  the  jiast,  the  recent  experiments  of  the  brothers  Hertwjg 
liunionHlrnte  the  inijxirtance  of  the  condition  of  the  elements. 

(:{.)  Duiiii};  thu  iit.Tio<.I  .of  enihryonic  life,  environmental 
iiilhiL-nces  may  cffuut  very  fundamental  changes,  whether 
the  embryo  Ite  within  or  outside  the  parent.  The  effect  of 
dilferenl  nutritiuii  ciu  bee  ^iiibs  at  once  suggests  itself.  By 
viivyin^  the  nutrttinn  of  his  tadpoles,  Yung  vas  able  very 
widely  to  niter  tlie  normal  pruportions  of  the  sexes.  Ex- 
]>enmeiita  on  other  youn^'  I'ornis  have  been  noticed  almve. 

11.  Hiiathn  of  Knvironmeiilal  Modijicatifin  to  Heredilg 
['l'S-\-'l^i'i). — TUl  cmiipamtivoly  lutely  it  was  assumed  tliat 
i-liitnictei's  nciiuired  hy  nn  individual  or;,'anism,  and  in  no  sense 
piirt  and  ])urccl  wiUi  it.t  inherited  constitution,  might  yet  be 
hiLudud  un  to  the  oll'spring.  Once  acquired,  the  possibility  of 
their  transmission  wu)]  hardly  doubted  Even  Darwin,  how- 
ever, came  to  feel  the  gn-nt  pnibability  against  the  retention 
lit'  individual  variations.  Weisinann  bus  brought  the  doubt 
to  a  climax,  by  a  poiat-bltink  denial  of  the  transmission  of 
iiiilividually  iii^inired  characteristics.  This  he  does  partly  on 
the  gi-ounil  that  positive  proi.)f  is  in  his  opinion  wanting,  and 


the  general  organism  may  rapidly  affect  even  the  reproductive 
elenienta.  If  Sedgwick's  view  of  the  syncytial  or  plasmodial 
constitution  of  the  emhryo  Peripatns  be  confirmed  and  ex- 
tended; if  protoplasmic  continuity,  so  widely  demonstrated 
in  plants,  be  also,  to  some  extent,  true  of  animals,  then  ouv 
conception  of  the  diffusion  of  a  change  will  have  to  be 
modified.  The  question,  in  fact,  is  not  whether  direct 
enviroumental  action  may  oucur  or  not,  nor  whether  it  may 
be  inherited  or  not,  but  simply  how  soon  the  influence  may 
BO  saturate  through  the  organism,  as  to  become,  by  affecting 
the  reproductive  elements,  tranauiiasible. 

12.  Bclation  of  "  Enmrommental"  to  othrr  Variaiumx. — ■ 
Without  forestalling  the  last  division  of  this  paper,  it  may  l)e 
convenient  to  note  the  relation  of  environmental  to  other 
variutions.  Combining  the  various  theories  of  the  conditions 
of  change,  we  may  describe  variations  as  originating  (a)  from 
within,  (6)  from  without,  and  (c)  in  the  course  of  function. 
Variations  may  originate,  according  to  some  {e.g.,  210),  strictly 
from  within,  because  of  the  unstable  complexity  of  in- 
ternal structure^protoplasmic  or  otherwise — which  makes 
equilibrium  all  but  impossible.  These  (a)  may  be  spoken  of  ' 
by  themselves  as  "  organismal  variations."  According  to 
others,  they  may  originate  in  the  way  above  described  from 
the  varying  nature  of  external  influences.  These  (fi)  may  lie 
termed  "  environmental  variations,"  Or  changes  may  be 
brought  about  by  altered  activity,  itself  a  response  to  altered 
relations  of  the  organism  and  its  environment.  Those  {r) 
variations  especially  emphasised  by  Lamarck,  may  be  con- 
veniently described  as  "  functional." 

13.  The  Action  of  the  Environment  as  a  Factor  in  Orffnnic 
Evolviion.—The  history  of  opinion  ju  regard  to  the  action  of 
the  environment  as  a  factor  in  organic  evolution,  may  fairly 
l»e.gin  with  Buffon.  In  his  writings  from  1749  onwards, 
Uuffon  makes  it  evident  that  he  believed  the  surroundings 
to  be  a  direct  cause  of  variation  within  the  organism.  He  is, 
in  this  respect,  contrasted  with  Erasmus  Darwin  (1794),  wlw 
credited  the  surroundings  with  a  merely  indirect  modifying 
influence.  Herder  too,  in  his  discussion  of  human  ranes, 
laid  emphasis  on  the  inliuence  of  heat  and  climate;  while 
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Onctlie,  with  ;:r<>atcr  concrotenesa,  spoke  quite  defiDitelr 
altout  the  ni'xliiyiii;;  iiifluciice  of  food,  light,  huDiitUty,  and 
the  like.  Ijiinurck  (1^02)  developed  the  same  opinion  as 
Krn^tiius  IJaruiii,  and  n!<;»rdGd  clian;;:es  in  surroundings  as 
prompters  of  chaii<^'e  in  Junction,  which  wns  to  him  the  all- 
iiii{Mirt!iiit  factor.  In  marked  contrast  to  Lamarck  stands  bis 
cuiitcmiKtrary,  Treviranus  (ISDii),  who  insisted  with  greater 
wealth  of  illustration  on  the  direct  hammering  action  of  the 
(.•nvironuirnt.  (Jcofl'roy  St  Hilaire  (1830)  swung  round  to  a 
strictly  JSuffunian  position,  and  re<;arded  the  direct  action  of 
extcnial  forces  as  the  all-important,  factor  in  modification. 
Jiubert  Chandlers  (184^!)  allowed  that  physical  forces  in  some 
way  governed  the  process,  especially  in  ttieir  action  on  tlie 
{;cnerative  system. 

In  1852  Spencer  combined  the  views  of  Buffon  and 
Lamarck,  niaintnining  that  "under  new  conditions  the 
oi;^Mnisin  immediately  begins  to  undergo  certain  changes  in 
!4tnicturc,  fitting  it  fur  its  new  conditions."  If  the  new  in- 
llucnces  pemist,  the  changes  in  the  organism  are  confirmed 
in  continued  function,  and  pt'rjii'tuated  in  heredity. 

Up  to  this  point  in  the  hisUny  it  had  been  suggested  that 
variation  nii<>ht  Ik;  either  oi^'iiuisnial,  or  environmental,  or 
functional,  arising  (x)  from  within,  Ijccause  of  the  complexity 
of  tlie   ori:anism   itaelf:   (h)   frum  without,  in 
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coast  clear  for  the  minority  of  fit  viiriations,  which  throve 
and  bred  better,  and  thus  gradually  established  adapted 
species.  The  merits  of  his  theory  are  not  at  present  under 
discussion ;  its  relation  to  the  general  conception  of  environ- 
luental  ioliuence  must,  however,  be  noted.  Wiiile  several 
passages  (especially  of  later  date)  fully  recognise  the 
Buffonian  position,  Darwin  may  be  fairly  said  to  have  laid 
greatest  stress  on  the  destructive  action  of  the  animate  and 
inanimate  environment. 

A  few  post -Darwinian  positions  may  also  be  noticed. 
Haickel,  surpassing  Darwin  in  the  clear  perspective  in 
which  he  placed  the  various  factors,  defines  adaptation  as 
"  the  fact  that  the  organism,  in  consequence  of  influences 
from  the  surrounding  external  world,  acquires  certain  new 
peculiarities  in  life  capacity  (Lebensfaliigkeit).  constitution 
and  form,  which  were  not  inherited."  This  definition  may  not 
be  above  criticism,  but  it  is  for  our  present  purpose  more 
important  to  notice  one  of  his  eight  laws  of  adaptation,  that, 
namely,  in  which  he  formulates  the  I'esult  of  the  persisting 
influence  of  food,  climate,  medium,  function,  etc. 

Semper,  again,  distinguishes  with  perfect  clearness  those 
modifications,  which,  as  a  Darwinian,  he  believes  to  be  due 
to  the  action  of  natural  selection,  ffom  those  which  have 
resulted  from  the  direct  hnmmerirg  of  the  environment. 

Even  Niigeli,  who  more  than  any  other  has  given  precision 
to  the  conception  of  independent  internal  or  organismal  varia- 
tion, calls  in  the  aid  of  external  influences  to  act,  on  the  one 
hand,  as  a  stinmlus,  and  on  tlie  other,  to  form,  as  it  were, 
the  mould  to  wliioh  the  organismal  variation  adapts  itself. 

It  is  important  to  note  Weismann'a  positions.  In  Ida 
"  Studies  in  the  Theory  of  Descent,"  he  affirms  that  there  can 
be  no  progress  apart  from  environmental  changes  ;  he  allows 
the  existence  of  a  direct  hammering  action,  though  justly 
cautious  as  to  the  extent  to  which  it  really  exists.  Its  action 
is  limited  internally  by  the  constitution  of  the  organism ; 
and  important  as  this  direct  action  may  be,  the  indirect 
action  in  the  process  of  natural  selection  is  a  much  moi-e 
vital  factor  in  progress.  In  contrast  to  Kageli,  ho  is  quitu 
definite  in  regarding  the  environment,  in  its  widest  sense,  as 
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tlie  dynamical  inipulae  iit  evolution.  As  he  had  hinted  ia  this 
work,  he  subsequently  laid  great  emphasis  on  the  action  of 
uexual  reproduction  as  a  condition  of  variation;  and,  in  a 
iH.'U3e,  the  etiuiulus  of  the  male  elemeut  may  be  ranked 
luiioug  the  external  influences.  Very  important  in  all 
iittenipts  to  estimate  the  action  of  the  environmeut  is 
Wuismann'a  rccenLly  developed  i>ositioti,  that  individual  char- 
Hcteristics  impressed  upon  an  oi^uiam,  in  response  to  outside 
iiiHueuces,  cannot  be  sliown  to  be  hereditarily  transmissible. 
Only  when  tlie  influence  ho-s  had  time  to  saturate  through  the 
ur^auisni,  uud  alfect  the  reproductive  elements,  can  the  in- 
heritance of  acquired  characteristics  be  allowed.  But  a  due 
discussion  of  this  caveat  will  require  a  separate  paper. 

Kuux,  who  has  especially  attacked  the  problem  of  the 
niechauics  of  development,  distinguishes  selfdiffei-entuUioh, 
where  the  specific  nature  of  the  modification  is  determined 
by  the  energies  of  the  system,  from  comlaliic  di^erenliaiion, 
or  change  determined  by  action  and  reaction  between  the 
tiystoni  and  its  environment.  In  marked  antithesis  to  the 
iipiuiun  that  environment  has  a  direct  transforming  action, 
it  is  interesting  to  notice  the  statement  of  Meehan,  who  has 
worked  especially  at  the  botanical  side  of  the  subject.  He 
siiys  "  environment  seems  to  have  no  further  influence  than 
ti>  incite  to  action  a  cliange  ah-eady  ripe  for  devdopment. 
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a  cause,  both  direct  aad  indiieLl,  of  niodificatiuna  of  struc- 
ture. Sexual  reproduction  also  caused  I'requeut  and  fortuit- 
ous variations.  The  result  of  mixtures  of  constitutional 
proclivities  were  mostly  suppressed,  but  sometimes  increased 
by  survival  of  the  fittest.  Natural  selection  became  the 
predominant  factor  in  relation  tu  Furtuitoua  variations  of 
structure,  of  no  account  iu  converse  with  the  medium,  of 
much  account  in  the  struggle  with  enemies  and  competitors. 
Especially  with  plants  and  passive  animals  tlie  survival  of 
fit  variations  must  all  along  have  been  the  chief  cause  of  the 
divei^euce  of  species  and  the  occasional  production  of  higher 
ones.  Gradually  the  inheritance  of  those  modifications  of 
structure,  caused  by  modifications  of  function,  becomes  more 
and  more  important."  A  synthesis  of  all  the  positions  is 
thus  again  outlined,  differing  from  the  view  expressed  in  the 
Leader  article  of  thirty-four  years  previously  in  even  more 
definite  insistence  on  environ  men  t^al  influence,  and  in  the 
recognition  of  tlie  struggle  for  existence,  diflering,  too,  from 
his  intermediate  contributions  in  a  marked  tendency  to  limit 
the  importance  of  the  struggle,  i.e.,  of  natural  selection. 

A  general  view  of  the  factors  of  evolution  is  still  Iieing 
evolved,  and  it  is  premature  to  speak  of  final  form.  Yet 
this  mnch  seems  certain,  that  no  attempt  to  explain  the 
adaptation  of  the  organism  to  its  environment  can  be  com- 
jilete  without  a  recognition  that  external  inlluencea  in  the 
widest  sense,  and  in  various  degrees  of  directness,  have  and 
have  had  an  important  transforming  and  adaptive  action. 
To  place  this  opinion  in  its  proper  perspective  in  relation  to 
organismal  and  functional  variations,  or  in  reference  to 
uatui'al  selection  and  other  alleged  conditions  of  progress, 
will  remain  impossible  until  a  greater  wealth  of  experimental 
fact  makes  it  possible  to  say  with  secnrity  what  the  environ- 
ment can  or  cannot  do.  The  main  object  of  Ibis  paper,  based, 
tm  I  must  again  gratefully  acknowledge,  on  Semper's  classic 
work,  has  simply  been  to  present  anew  a  balance-sheet  of 
representative  facts  and  opinions  iu  regard  lo  environmental 
iufluence. 
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N.B. — Abundant  references  to  literature  are  to  be  fouad  in 
tlie  appendix  to  Semper's  "Animal  Life,"  1880.  The  majority 
of  the  researches  cited  below  are  of  later  date. 

The  few  sfiniple  researches  on  the  environment  of  plants 
may  be  supplemented  by  reference  to  Trof.  Sachs'  "  Lectures 
on  the  Physiology  of  Plants "  (translated  by  Prof.  Marshall 
Ward),  and  to  Prof.  Vines'  "Lectures  on  the  Physiology  of 
Plants"  (1886),  eg.,  in  the  Bibliography  to  Lecture  XVI., 
pp.  414,  415. 
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1.  AuANS  (no  init.).     QeneralihSs  sur  lea  organes  de  locomotion 

tuiuatique.     Coinptea  R^ndua,  or.  (1887),  pp.  1035-37. 

Hecliaulctl  atudy  ol  modce  of  uiuntic  locomotion,  vith  em- 

phoois  on  "  the  enonnouB  influence  of  the  n«itt«Dre  of 

the  water  on  tlie  Torma  ol  the  body  ind  appendages." 

3.  Balabchewa.  De  I'infiuence  du  milieu  exbirieur  et  prin- 
cipiellemunt  celle  des  dimensionii  du  bassin  d'eau  sur 
quelques  MolhiHque.  Mem.  Soc.  Nat.  Nour.  Riiaa. 
Odessa,  xii.,  1  (1687). 


.  BabfVhth,  D.     Biologie  dur  Poielltin.     Arch,  mik: 
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BresUiier  Aei'tztl.  Zeitscbr.,  No.  8,  1864. 

9.  Cehtes,  a.     De  Taction  des  La\ites  iireBBions  snr  les  ph6no- 

tn&nea  ds  la  [lutrefactlon  et  siir  In  vitality  ilea  micro- 
organiames  d'eau  douce  et  d'eau  de  nier.  Comptea 
KenduB,  xcix.  (1884),  pp.  385-388.  C/.  Joum.  d, 
Mici-ographie,  viil  (1884),  pp.  291-293. 

10.  CoN.v,  U.  W.  Life-History  of  a  Thalaasemid.  Stud.  Biol. 
Lab,  J.  Hopkina  Univ.,  iii.  (1880),  pp.  351-399. 

Reglllnr  saginentatioii  associated  with  Tree  life ;  irroglilar 
H'itli  [iroteclioti  oi'  cucspsnling.  The  caoso  ineohanical, 
—gravity. 

U,  Elkvi.vo,  Beitr.  zur  Kenntnisa  der  physio! (^scben  Einwir- 
kiuigderSohwerkraft.  Helsiugfora,  1880.  Quoted  by 
Vinea — Lecturea  on  the  Physiology  of  Planta,  p.  409. 

11a.  Hertwio,  O.  Beitviige  Kur  llorphologie  iitid  Phyaiologio 
der  Zolie.  Wclchen  EiiiflusB  iibt  die  Scliwcrkmft  auf 
die  Tiieiluiig  der  Zellen.  Jem,  1884  (also  in  Jen.  Z. 
Nat.). 

12.  Fuciia,    It.       Mikromechanische    Skezzen.       Kosnios,    xviii. 

(IS8G),  pp.  183499,  285-303,  41fi-441. 
Mol<!<:ti]ar  djnamiua  of  protnplaaiu,  with  spwiul  eajphasis  on 
tliG  cotitrartion  nnd  oiiipjisioti  oi  tlie  Burrac«a  of  contact 
lietween  two  aufl  bodks. 

13.  HiKBN,  W.  P.     A  Theory  of  the  Forma  of  Flontiug  Leaves 

iu  Certain  Plants.  Proc.  Cambr.  PhiL  8oo.,  Part 
xiii.,  1872. 


14.  LooB,  J.     Die  Orientiniug  der  Thiere  gegen  die  Schwerkraft 

der   Ei-de.    (Thierischer    GeotropiamuB).      Wurzburg, 
8vo,  1888. 

15.  Marcacci,  a.     Deir  influenza  che  eaeroita  il  movimento  aullo 

Bviluppa  dell'  novo.      Ann.  Univ.    Perugia,  vol.    i., 
1885-86. 

JC, .     De  qiielquoa  anomaliee  ohtenus  dnna  leB  ceufa 

do  poiiJe  en  les  sonmettant  au  mouvement.     Arcb. 
ltd.  Biol.,  ix.  (1887),  p.  58. 
vol,.  IX.  -  I 
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17.  Natukb,    xxxiiL  (188G),  pp.  C07-609.     Flanta  coiuidered  in 

Uelation  to  tboir  Environment. 

18.  Fkllat,  a.     Bill],   BoL  Soc.  de  Fnuioe,  p.  105,  1880,  alw> 

1879.     (Iitfluetice  of  Altitude  on  Planta.) 

19.  Pfluoeb,  E.     tJber  den  Einflim  der  Schwerknft  auf  die 

Theilung  der  Zellen,  Arch,  t  ges.  Physiol.,  xxxi. 
(1883),  pp.  311-.<tie. 

20.  • .     Uber  den  Eiufluos  der  Schwerkrafl  tat  die 

Theilung  und  kuf  die  Entwicklang  dea  Embrya 
Arch.  £  gee.  Fbjrsiol.,  xxxil  (1883),  pp.  1-79,  8  pU. 

21. ,     tJber  die  Einwirkung  der  Sohwerktmft  nnd 

aiidei-en  Bedingungen  auf  die  Richtung  der  Zelltheil- 
ung.  Arch.  f.  ges.  Physiol.,  xxziv.  (1884),  pp.  607- 
616. 

22.  lUuBEB,  A.   (in  conjunction  with  K.  Sochese).     Uber  den 

EinfluasderTemperatur,  deratmoephiirischenDnicke^ 

uod  verechiedener  StoSe  &uf  die  Entwickelong  thieri- 

Bcher  Eier.     SB.  Nat  Oea.  Leipzig,  1883,  pp.  65-70. 

I'rpwure  detenniiiing  rorni.     IiKTvasml  pntnure  tlteri  ahapa, 

t.g.  brokdening.     Leaiuneil  prewiirs  iukj  prodoBB  drop- 

Bical  swolleu  rormi. 

23.  ItEONAiiii,   P.     Action   des   h&iites  pressions  sur   les  tinua 

animauz.     ComptcB  Kendus,  cii.  (1SS6),  pp.  173-176. 
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28.  Seupbb,   K.     Ubor  die  WachBthura-Bfidiiigungen  des  Lym- 

nte»s  itoffnalis.     Arb.   Zool.   Inst,    Wiirzburg,  T.   i. 
(1874),  p.  137.     Cf.  op.  cit.  aiipra. 

29.  .     Op.  cit.  supra. 

Aiolotlfl  reduced  to  sterility  for  Iwo  years  by  rcmovini; 
objects  for  egi;- Jo  position.  Prortuction  in  cramiied  space 
ot  dwarf  broods  (AbbIIus,  Lymneeua). 

30.  .     Op.  eit.  supra. 

Eflects  of  cnrrents  on  sbells,  coral  groirtbs,  etc, 

31.  SpBSGEL,    J.    W.      Schwerkraft   nnd    Zelltheilung.       Biol. 

Centralblt.,  v.  (1886).  pp.  6(53-668. 
Historical  nolica  of  aomn  of  the  niimcroua  investigations. 
(Bom,  Hertwig,  PRiiger,  etc.) 
33.  TiCHOMiROPr,    A.     Die   kiinstliche   PartbenogeneBe  bei   In- 
aekten.     Arch.  f.  Anat  a  PhyBtol.,  Suppt  Bd.  (1886), 
pp.  35,  36. 
Artificial  partbcnogenenis  indoced  by  inecbanical  atimulua. 
33.  ViNEa,  a  H.     Op.  cit.     Gravitation,  p.  409.     Inttuence  of 

Currents,  p.  473,  etc. 
33a.  WiESNEK,  J.     Biol.  Centralblt.,  vii.  (1887),  p.  21.     Akad. 
WiBB.  Wien,  1887. 
Inflnonce  of  wind  on  trttnspimtion  am)  ntoinnln. 
31.  YcKo,  B.     L'influence  des  milieux  physico-chimiques  sur  le 
(Mveloppenient  des  animaux.     Arohiv.  Sci.  Phya.  et 
Nat.,  xiv.  (1885),  jip.  2S5-257. 
The  feiver  tadpalea  in  a  given  &pace,  tlie  quicker  the  develop. 
uiBnt 

II.  Chemical. 
(a.)  Chemical  CorapositioQ  of  Medium  (35-70). 

35.  BiBT,  P.     Sor  la  cause  de  la  mort  des  animanx  d'eau  <loiice 

qu'oa  plonge  dans  I'eau  de  mer  et  r&iproquement, 
Comptea  Rendua,  xcvii.,  pp.  133-136  {Cf.  ibid.,  1871, 
pp.  381  and  464). 
EHect  of  salt  watar  oo  epitbelium,  circnlation,  etc. 

36.  Brakdt,  K.     Die  SphieroKoen.     Fhuub  und  Flora  des  Oolfes 

von  N«»pcl.     Monographie  xiii  (1886). 
SenBilivone.-m  to  cUnngca  in  aalinity, 
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37.  Bbaueb,  Fc    Ueber  Artomia  und  Branchipua.    Zool.  Anz.,  W. 

(1886),  pp.  364,  365. 
CriticUm  of  coDcliuions  of  Submankaitittah. 

38.  Cl&ub,  C.     Uutersucbungen  ttl>er  die  Organiaation  nod  Eat- 

wicklung  voD  Braochipiu  und  Artomia.     Arb.  ZooL 
laat.  Wien,  U.  (1886). 
Critique  of  concliuioiia  of  Schmanlcswitach  u  to  effects  of 
euiriroDmeut  on  theie  formK. 

39.  Dewitz,  J.     Kurze  Motiz  uber  die  Furohungvon  Froscheiem 

ia  Sublimatlusung.    Biol.  Ceatralbl.,  vii.,  3,  pp.  93,  94. 

Corrosive  subliniatu  solution  provoking  artificiti  aegiuestatiaii 
ia  uurertilineil  ova. 

40.  Eisiu,  H.     Die  Capitelliden  des  Oolfes  von  Net^>el.    Hono- 

graphiexvi.,  ZooL  Stat.,  Naples,  1887. 
ExjierimeDU  on  •ccuatomiug  CapUtlla  eapUala  to  lira   in 
sea.water  {|ip.    79S-S0!i).      The    blood-corpuaclei   mtut 
become  "banlened  "  to  the  vbsuge  befora  the  transfer- 
ence in  Bucceuful. 

41.  FiszEit,  Z.     Observations  sur  la  vitcuolo  pulsatile  des  In- 

fuBoirea.    Arch.  Slav,  de  Biol.,  iL  (1886),  pp.  288,  380. 
Uvficieiit  aeration  quickens  pulsutiuns  of  contractile  vacuoles. 


of  Eniri-Tonmcnt  upon  the  (h'r/nnism. 

45.    Fromhann,    K.      Unteraiichiiugen   iiber   Stmktnr,  Lehena- 

eracheinuQgen     iind     Reaktionen     tbierischer     unil 

pflanzlicher     Zellen.       Jen.    Zeitschr.     f.     Naturw., 

Bd.  xvii.,  1864.     Also  aeparatoly,  pp.  34-36,  3  pis. 

Important  observations  on   chemical  and    other  inHilenfeii 

bronglit  to  hear  upon  Hnimal  and  vegEtable  cells. 

45a.  Oeddss,  p.  Restatement  of  the  Cell-Theory.  P.  R.  Soc., 
Edinb.,  1883. 

4G.  Orabbr,  V.  Vergleichende  Gnindverauche  iiber  die  Wirkung 
und  die  Aufnahraestellen  ehemiselier  Beize  bei 
Thieren.  Biol.  Centralb!.,  v.  (1885),  pp.  383-398, 
449-459,  481-489. 

47.  Oratacap.     American  Naturalist,  xvi.,  1882. 

IncroaapJ  oxygou  makes  iiisect.i  for  a  while  restless  and 
saltatory. 

48.  Hehtwio,  O.  and  R.    Ueber  den  Bcfruchtiings  undTheilungB- 

vorgang    dea   thteriscbor    Eiea    unter    dem    Einfliiss 
Snsserer  Agentien.     Jen.  Zeitscbr.  f.  Natnrwiss.,  kx. 
(1887),  pp.  120-341,  477-510,  6  ph. 
InRiicnue  of  chemical,  thermal,  and  mechanical  agencies  on — 

(1. } rertilisatialu  (2,)iDtemalphenonieli«orrertilig)ttion; 

(3.)Begraeutation. 

48a. .     Experimentello    Untersuchungen   iiber   Be- 

(Vuchtnng.     Anat.  Anz.,  i.,  pp.  11-16. 
Inler  alia  oiXevt  of  chloral  hydrate  on  fertilisation. 

49.  KosL.      Die   Transpimtion    der    Ptlanzon.       Braunschweig, 

1886. 
Dry  air— on  Tropieoliim  leaves,  thick  cuticle,  much  eullen. 
chyma  i  moist  air — little  cnlicle,  do  collenchyma. 

50.  Krukknbero,  C".  F.  W.     Die  Becinflusaung  dea  Sali'.gehaltes 

der  lebenden  Oewebse  I  entente  diirch  den  Salzgebalt 
(ler  TJmgebung.  Vergl.  Pbyaiol.  Studieo,  ii.  4  (1887), 
pp.  1-58.     (^C/.  Ilia  referencoB.) 

51. .     (See  under  Ught,  p.  455.) 

Inllueoce  of  oxygen  on  pigment  forming.  Cites  Moleschott's 
observation  that  a  frog  kept  breathing  pare  oxygen  had 
DO  Uack  pigment  in  ils  skin,  pp.  n-\.  ITS. 
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62.  KxuKEXBiia,  C.  F.  W.   V«rgleich«nd-PhysiologiKhe  Vcrtriga 

vi.     Grimdziige  einer  Vergleialieiiden  Phyaotogis  der 

Nervusen  ApiMnte.     Heidelbe^,  1886,  pp.  397-517. 

1'.  4iB.     Natca  an  ihirtiDf^  to  tncditun  ot  dUbnnt  eompon- 

tioD.     (^.  LU  rererEiicM  (|i.  SOb)  to  BandBOt  (mollDKi). 

Ann.  lie  cLimie,  T.  iL,  181fl,  p.  BS.     CieniT  (Anuelw), 

Aroh.  Uikr.  Auat,  v.,  ISflS,  p.  lU,  etc. 

63.  Mabcacci,   a.     Azione    degli   Alcaloidi   Bulle    pUnte,   soUs 

fermentuioni  e  Bulle  uovn,  alia  luoe  e  nelU  oaciuitL 

P.-v.  &c«.  ToecaoA  di  Scienae  Naturali  (Pin),  vd.  ▼., 

1887,  p.  285. 

E.g.,  DTft  of  AmpLibu  uDdBrmction  of  qninius  did  not  develop 

iu  liglit,  but  paaiwil  througli  WTenl  ilagM  in  dArkntBL 

64.  Martens,   E.   v.     On  the   Occurrence  of  Muine  Aninul 

FontiB  iu   Fresh  Wat«r.     (Tmnakted  paper.     Ann. 
and  Mag.  Nat.  Hiat,  1858,  aer.  iii.,  vol.  L) 

6b.  Plateau,   P.      Kecherches  ithyuco-chimiques  sur   lea   Arti- 
culba  aquatiquea.     Mem.  Acad  Belg.,  xxxvi,  1870. 
Bull.  Aoad.  Belg.,  T.  xxxiv.,  1872. 
Cliiugoa  of  msdiuin — witvr. 

56. .    Influence  de  I'eau  de  mev  sur  Icsanimauz  d'eau 

douce,  et  de  I'eau  douce  sur  les  aniiuaux 
Couiptes  Kendua,  xcviL,  ]ip.  4(>T-169. 

Chaiiyu  of  uitl'mm. 


Gl.  ScHMANKEviTCH,  M.    Meiii.  NovorOBS.  Sv6.  Nat,,  vii.    Natui-e 
xxiv.  (188-1),  p.  274.     J.  R  Micr.  Soc,  1884,  p.  G9. 
Modifying  iDlluuncGS  (on  n.  Flagellate)  of  altered  salinity  (nnd 
temperature). 

62,  Semper,  K.     Op.  cil. 

Raconbt  numoruus  effutls  or  chauge  of  mediiini  and  chemical 


63.  SoUiAB,  W.  J.  On  the  origin  of  Freshwater  Faunas :  A 
Stud;  in  Evolution,  Trans.  Roy.  Soc.,  Dublin, 
vol.  iil,  pp.  87-119. 

Iinportant  obsorvatiouN  on   Ilie  i^oiiilitions  of  life  in  frenh 


G4.  TiCBOHiBOFF,  A.    Die  kiliistliche  F&i-tbenogenesc  bei  Insekten, 
Archiv  f.  Anat.  u.  Phj-Biol.  (Physiol.  Abtb.),  Suppl. 
Bd,  (1886),  pp.  35,  36. 
rarthenogenesis  artificially  induced  by  chemical  stimuli. 

C5.  Vakioky,  a.  de.  Influence  eserc^e  par  lea  prineipes  con- 
t«nuB  dana  I'eau  de  mer  sur  le  d^velopi)enent 
d'animaux    d'cati    douce.      Comptoci  Sendus,    xcvii., 

pp.  54,  S.'i.     (See  Water.) 


GC. 


nd  I 


— .     VerBuohe  an  Beroe  ovata,  Aurelia  aurita, 
Pagnren.     Biol.   Centralblt,  viL,  i  (1887), 


n  viUlity,  movementa^  etc., 


pp.  127,  128. 
KIl'ei'tK  of  altering  salinity,  e 
of  (iLgniiisins, 

C7.  Weisjiasn,  a.     Studies  on  the  Theory  of  Descent,  1882. 

DiBCDSsion  inil  lilemturc  of  faniilinr  I'lise  of  Axolotl   nnd 

68,  WooDHEAD,  G.  S,,  and  Habk,  A.  W.     EelationB  of  Micro- 

organisms   to   Tissue    Elementa,      J,    of  Anat.    and 

Physiol.,  IX.  (1886).  pp,  76-39, 
"The  stimulus  applied  hy  the  presence  of  micro-organisms 
cir  their  chemical  prodacts,  acta  in  a  manner  comparable 
to   action   of   maJo  olemcnt   on   ovum,    in   setting    up 
segmentation." 

69.  YuNO,  E,     (See  Light,  p.  455.) 
In   nIidUow   wide  vessel,   with   belter  aeration   and    nearer 

tiiirfacc,   tndpolcB  develop   more   rapidly.      Dilnte  ae»- 
ualL-r  sl<.n  s  devclopnipnt  of  tt.ipolca. 
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70.  Zacrasias,  0.     EzperimeutellAUntenachnngeii  fiber  Paeudo- 

podien  Bildung.     Biol.  Centralblb,  t.   (1886),   pp. 
259-262. 
Hoilificationi  ofMlU  hy  extwnal  raagentn.     Cf.  hii  rererencei 
to  Schneider,  Bnsa,  Kuhne. 

(6.)  Food  (71-111). 

71.  Balbiaki,  E.  O.     ObwrratioDa  relative  i  une  oote  rrfoeoto  de 

U.  Maupaa,  aur  la  omltiplioatiou  d«  la  Leucophrye 
patttla.    Comptes  Bendus,  civ.  (1887),  pp.  80-82. 
DoticieDt  nutrition,  ToUowed  bjr  encystation  of  lofiuomD. 
73.  Barfubth,  D.     Biologie  der  Forellen.     Aicb.  mikr.  Anat' 
xxvii.,  pp.  121-178. 
Connection  ornntrition,  etc,  md  sterility. 

73.  .     Exi)eriinenteIIe    Unterauchungen   iiber  die 

Verwandluug  der  Froachlarven.    BioL  CentralblL,  tl 
(188G),  p.  609. 
liinuoace  of  futjug  on  dovelopment 

74, _.     Die  Ituck bildung  dea  Froachlarvemicliwsnzes 

und  die  sogenanDtcn  earcoplaaten.    Arch.  mikr.  Anat., 
XXIX.  (1887),  pp.  35-60,  2  pla. 
Rednced  nutrition  uiocuted  with  death  of  tinnei  in  absorp- 
tion of  tadpole  tail. 
75. .     (a.)   VersHcho   iiber  die    Vernandlimg  der 


Injlucnce  of  Environment  ujioii.  the  Ort/aj 


resjKmse  to  dilTerent  enrironmont.  Miiuy  Bpecies  are 
only  aJajitive  iiiojiikcationit.  Tliejr  viruUnro  for  one 
pbut  uiay  bo  nttoiiiuted  by  prolonged  culture  ou  BDothei'. 

.  RiTZEHA-Bos,  T,     Futteraadenmg  bei  lusektcn,     Biol.  Cen- 
tralblL,  viL  (1887),  pp.  321-331. 

,  DusiNO,  K.     Die  Fiiktoren  welche  die  Sexuolitdt  entaoheiden. 
Jen.  ZeitBchr.  f.  Hatiirw.,  xvi  (1883),  pp.  428-464. 

^  iDlluonce  of  nutrition  on  rppnxl  action,  tmd  op  tlio  sex  of  Ilia 

[irogeny. 

.   . .     Die  Regiilirung  (lea  ObbcL lech ts verb altnisspH 

bei    der    Vermehniiig    der   Meoschen,    Thiere,    und 
PUanaan.     Jon.  Zeitachr.  Naturw.,  xviii.  (1884),  pp. 


. -.     Die  eJtperimeiitcUe  Priifung  di'i-  Tbeorie  von 

der    RegitEirung   des  OeschleclitsTerbaltnisses.      Jen. 
ZeitBclir.  Naturw.,  xiv.,  Suppt.  (1885),  p.  108. 

.  Gadlk,  J.     Bedetitung  der  CytOKoen.     Biol.  Centralblt,  vi. 
{188C),  pp.  345-351. 
luflnenco  of  fasting  periods  ou  reproductive  otgiioa,  in  fi'og, 


n  (Miescber). 
83,  Geddes,  p.     Art.  Sex.  KMj-eJ.  Brit.,  x 


'20-724. 


res  authorities  for  ialtucnce  of  nutrition  on  sex  of  insect 
larvfl!,  tadpoles  (Yung,  E.),  etc.  Tlia  better  nutrition 
tbu  higher  per<:eiitago  of  female  forms. 


.  .     Theory  of  Growth,    Reproduction,   Sex,  aiiil 

Heredity.     P.  R  Soc.  Edin.,  1886,  pp.  911-931. 

"Ill  determination  of  net  influencei  inducing  kataboliam 
(ileficioDt  nutrition,  etc.)  tend  to  rnsult  in  production 
of  males,  as  those  fsvonring  nnsbolism  similnrly  to  iii- 
crenee  the  probability  of  fenioJoH." 

.  Gbawitz,  p.  Beitriige  zur  sjatematischen  Botanik  der 
ptlunzliclien  Paraaitea,  und  experiuienl«lle  Unter- 
sucbungen  iibei'  die  durch  sie  bedingten  Krankhoiten. 
Virchow's  Archiv,  Ixx.  (1877),  pp.  64B-5'J8. 
Cited  lij  Krukenberg,  an  instance  of  the  experimental  niwli- 
li.stionorari-T.KU8. 
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.  UauBKR,  A.     Beitrage  lur  KenntiuM  der  Fhyiiotogie  and 
Biologie  der  ProUocBn.     B«r.  Frubnrg  Q«a.  I.,  Heft 
iL,   1886.     Ann.  and   M*g.  Nat.  Hist,   xtu.,   pp. 
473-494. 
aiwiiUaeaiu 


87.  HoFFMAyif,  H.     Ueber  Soxualilat.     Botan.  Zeitung,   1885, 

Nos.  10,  II. 
IiiUr  alia,  coiiiicctiou  WtWMU  ileflcieDt  nutrition  and  male- 
Sit.  .    Vetvrbung  erworbcner  Eigenaobaften.    Biol. 

Uentblt.,  viL,  21  (1887),  p.  fiG7. 

80, .     Kultun-erauchen  iiber  VariaUon  im  Pflan- 


aunruiuUe  (1850-87).     Botan.   Zeitg.,  1887,  pp.  360, 

"7a,  773. 
Minn*  nutritiuu  tltvH  flonor  of  Piptver,  Nigella,  Lamioni, 
vtc.,   aiul  change   is   trftiumltled.      Nutritive  chaugei 
heruditarily  affect  rout  of  Daueut  eanla,  and  period  o( 
liloBsaiuiug  of  Solitlagu,  etu. 

!)0.  Jawokowski,    a.      Multiplication    enJogine    dea    cellules. 
Arch.  Blav.  Biol,,  i.  (1886),  pp.  G41-651. 
I'ledoKcuefliH  due  tu  rujiture  of  incom[>Ielclj  developed  onriaa 
luvmbraiie  and  tlie  liberation  of  orulea  into  the  body- 
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94.  Leuckart,  R.     Die  Famsitan  des  Mensclien.     Vol.  i.  trans- 

lated  by    W.    E.    Hoyle.     Cf.    Art.    Paraaitiflm  (P. 

Gedilea),  Encycl.  Brit, 

EeloparatiUa  exiierieuue  mecbauical  inflnence  id  motion  oF 
host ;  plijrsitml,  in  warmth  or  boat ;  traneporUtioD  to 
different  mudiulu  ;  nud  clieinical  liifluBuces  from  nbuu- 
dant  r<K>il  and  exhalations. 

fWo^uron  to  ex  perieuco  mecbanictl  influence  from  periat«lsix, 
coutined  space,  relative  absence  at  currents  ;  physical  in 
ilarkuesa,  incubator;  waimth,  etc.;  cbemicsl  from  mois- 
ture, abundant  rich  nutritiou,  gases,  gastric  juice,  eti.-. 
Also  the  iiillQeucu  on  hosts. 

95.  Mao^.      L'h^t^rogamie    de    l'A%earis   daclyhirls.      Cumiites 

RenduB,  ciii.  (1887),  pp.  306-308. 
lu   Aicarit  daciyluTia  young   dereJop  and   mature   witbiu 
mother  at  expense  of  her  tissnea,  aud  are  without  ezcep- 
tiou   females.     (Auaboltc  couditiona  favonring  feuiale- 

96.  Maupas,  R     Sui-  la  inulti|jlication  de  k  Leucophrys  patulu. 

CompteB  Rendus,  ciii.,  pp.  12TO-1273. 
Itclation  between  varying  nutrition  aud  modes  of  reproiiuc- 


97. .     R^ponse  k  M.  Bolbiani  k  propoa  de  U  Leuco- 

phrytpatula.     Com ptes Rendus,  civ.  (1887),  pp.  308- 

310. 

In   Ltucophrya,  witb   sbuudsut   food,  flasion  ;   with  scanty 

food,  motainoiphosis  nithout  encyelation,  foUoweil  by 

six  Huccessivo  divisione  which  Itave  tor  tlieir  end  ccni- 

jugatiou, 

98. .    Sur  la  puissance  de  multiplication  des  Infufloii'ea 

cilitis.  Gomptes  Rendus,  civ.  (1887),  pp.  1006-1008. 
UeproduDtive  power  of  Ciliata  depends,  (1.)  on  the  quality 
aud  quantity  of  tbe  food;  (2.)  ou  the  temperature ;  (3.) 
on  the  aliuiuutary  adaptntion  of  tbe  buccal  organs. 
'With  a  vegetariaa  diet,  tlie  rate  of  rcproducUou  is  muQli 
less,  and  the  sijfe  smaller. 

99.  MoRttii,   F.      Ancora  Bulla   queBtioQe  della  aeaaualiti  nelle 
Uatilaginee.    Meui.  Accad.  Sci.  Bologna,  vi.,  2  (188G), 


Deficient  nutrition, 
UatilngineK. 


conditioii  o(  coqjogatioii  of  cauidia  of 
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too.  Platkes,    O.     Zur  Bildung  der    Geschlechteprodnkte  bei 

Piilmonaten.     Arch.  mikr.  Anat.,  zxri,  pp.  599-621, 

2  |>ls. 

The  rapid  gmwtli  of  the  ora  in  hermaphraditc  doct  of  ArioD 

is  tlic  nttiiral  rcHiiU  of  the  direct  m|>pl7  of  abBiiiluiI 

rood  eniDml  by  tbeir  peripheral  poaition. 

!01.  PouLTON,  K.  D.     Notes  upon  Lejiidopteroiia  Ume,  eta     Tr. 
Kntom.  Soc.,  1887,  Part  iJL,  pp.  281-321. 
Itelntion  between  phytophagous  lame  ami  rarioiu  apeciea  of 
fiKHl-i'luiit.      Ori}{iii    of   CarnivoTona   babita.      (Ugbt- 
Bcekiiift,  apprcriatioD  of  graTitation,  etc) 

101a.  Rolph,    W.    H.     Biolc^Bche   Probleme.      Leipsig,    1684. 
p.  238. 
Rt'lntion  of  nulrition  and  n-production  (Chaps.  i».  aud  vh). 

102.  Sebland,    v.    (No    init.).     Uber    die    Nachwirknng    der 

NahrungsenUiehuDg  auf  die  Ktnahrung.     Biol.  Cen- 
tralblt.,  rii.,  ]i|).  145-158,  and  four  following  Noa. 
£x[ieriiiieDts  witli  TovU,  vU: 

103.  Sbuper,  K.     Op.  eil. 

IteciinU  aliimilnr 
of  pnravitic 

101.  SuTTos,  J.  B.     Hy[>ertropby,  its  value  in  Evolution.     Proc 
Zool.  Soc,  iii.  (1885),  i-p.  432-445. 


if  iiiflupnce  of  foctd.     Influtn» 
(iu  i«rt  untritiTe)  oi 


Ujl,.«,,<^oJE,., 


iciU  upon  iJu:  Organism. 


108,  Yung,  K     De  I'influence  dea  milieux  pbyaico-chiiuiquea  bui- 

lea  Stres  vivanta.  Influence  des  differentea  eaji^cos 
d'liltments  aur  le  ddvt^loppomeiit  dc  la  grcnouille 
{Rana eaeulenta).  Arch.  Sci.  Phys.  Nat,  vil  (1882), 
[>|i.  225-261. 

109,  C/.  Pflugeb,  E.     tjber  die  Geschlecbtabeatimraeiiden   Ur- 

BRchen  und  die  Geachlechtsverhiiltniase  der  Frosclie. 
Ai-cli.  f.  gea.  Physiol,  xxis.  (1882),  p.  13. 

110.  ZaCHABIAs,    0.      Ei'gebniaae  eiher   zoologiachen  Exciiraua. 

Zeitachr.  f.  wise.  Zool.,  xliii.,  pp.  271-275,4  figa. 
la  gpoutaaeous  trausTerao  fiAaion  of  PlaimriR,  nh^n  su;ip1y  of 
food  abunJunt  (anabolic  cooditioD),  a  new  act  of  tisaioii 
wna  to  be  observed  before  dauglitisr  bnJ  attained  tlie 
limportiona  of  poTTtit,  but  ifninoHnt  of  food  reduced  ot 
altogotber  withdrawD  (kalabotic  condition),  roproduo- 
tion  by  ^sion  completely  ceased. 

111.  ZoPF,   W.      Zur  Morphologie   und    Biologie   der  niederen 

Piktliiere  (Monadinen),  45  pp.,  5  pis,  Leipzig,  1885. 
With  muoh  food  ciliated  forma  {Pteudoapora)  become  amie- 
boid  (uiore  aoabulic) ;  nitb  more  abaodalit  food  amraboid 
rormn  (tHplophynalii)  becoino  encysted  (mors  anabolic)'; 
with  deficient  food  dcrelopmeDtal  history  (Ogmjiocoeeta) 
U  aioiplifiod. 


III.  Physical. 

(«.)  Heat  (113-139). 

112.  BAHruBTH,  D.     Verauche  iiber  die  Verwandlung  der  FroBoh- 
larven.     Arcb.   Wokr.  Anat.,  xxix.  (1887),  pp.  1-34, 

ipi. 

Iteduction  of  heat  rutardB  tadirale  meUniorpboiiia. 


113.   . 


Natur 


Der  Hunger  ala  forderndea  Princip  itt  der 
Arch.  Mi  kr.  Anat.,  xxvii   (1886),  pp.    121- 


Belatian  of  oofavourable  tempenituni,  etc.,  to  sterility, 


114.  ^ARTH^LEUV,  A.     De  I'nction 
rafeaea  de  vSg^tation.    Ci! 
pp.  1000,  1007. 
Ai'liuii  of  beat  oil  roots  and  lieliotrop 


e  la  chaleur  aur  lea  pb^uo- 

ptes  ReitJuB,  xoviii  (1884), 
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115.  RiTZEMA-Bfw,  J.     Fnt«ninclinngra  iiber  TyUmeJktu  drroMa. 

trix.     Biol.  CentnlblL,  tu.,  21  (1888),  pp.  616-659. 
CM,  u  wtll  M  drtientian,  mij  mm  Imtant  lifa. 

lie.  Dallinrkr.  W.  R   The  Pmidrnt's  AddicH.   J.  R.  Mienac 

Soc..  ii.  (18^7),  pp.  1«5-199, 1  pi. 
AilBpUtion   of  mnniuli,   nornullj  flmnialiing  at  8S*  F.  I« 
ISS'  F.     "  At  c«Tt>iD  pointi  in  the  endnrance  of  ennin. 
Istive  thfrmal  rlfvationi,  ■  diitiDct  phjuological  thinga 
i(  l<roagfat  slmnt  «ith  greater  or  1m*  diBealty." 

117.  DELaAi'x,  G.     Siir  la  respiration  de«  Cl]aiivn.Sonm  pendsnt 
leur  Homineil  hibemel.     Arch.  BioL,  vii.,  1  (1867), 
,.,..  207-21.5. 
Ifoiluctuin  of  inrroniidhig  tfinjicntiiTe  leaaeni  the  amonnt  of 
CO,  rro.lui-*J. 

1 1 9.   FREiiERicq,  Ti.     Sur  1a  tv^lAtion  de  la  temperature  chet  lei 
AniniRux  k  sang  chaud.     Arch.  Biol,  tii.  (1882),  pp. 
689-801. 
NuinrTixis  mnlt*  anil  Trrrrrnns  on  the  iihjrwological  effect*  of 
alti-riog  temperature. 

Hp'a.  Kkohxavx,  K.     Soc  Chemioal  (-15). 

inllarncf  of  tcmi<>TaliiTf,  p.  i  D  ;  mainly  negative  rraulta. 


llfl.    (lAUrKLRR, 


Teiuperatnren    anf    den 
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153.  Gbaber,  V.  ThermiBcbe  Experimentean  der  Kiichenflchal* 
(I'eriplniiefa  orientalis}.  Arch,  f.  gee.  Physiol.,  xli. 
(1887),  pp.  240-256. 

12-1.  JouRDAiN,  S.     Blastog^nfese.     Comptea  Remliis,  ciii.  (1886), 
|.p.  1086.1088. 
Bnils  of  Bolryltoida  ruitum  at  liret  hermnphroJite  ;  in  colil 
both  );1>in<ls  atropliy,  female  flnt ;  in  warm  weather  both 
conipletelf  dovelo]ieil. 

125.  Koch,    G.    t.      Die   QorgoniJun   dea   Golfea    von    Neajiel. 

Mouogrtiph  XV.,  Zool.  Stat.,  Naples. 
Influence  of  ivarmtli,  etc.,  p.  68. 

126.  Laboulb^e,  A,    Sur  I'^tat  larvairo  dee  Heluiintlies  pajasiieu 

du  genre   Aacaride.     Comptea    Rendus,  civ.  (1887), 

pp.  1593-16S5. 
With   faTQnrablo   temperaturo  tlie  embryo  of  Asearis  lunt- 
brieoiiia    fomiB    in    thirty   to    forty    days ;    with    low 
temperntare  and  ttntnp  atmosphere  may  be  retarded  u 
long  03  live  yesni.— ^Davaine.) 

127.  List,  J.  H.     Ueberdie  Variation  der  LaicbzeitbeiLabrideii. 

Biol.  Centralblt.,  viL,  3  (1887),  p.  64. 
Accordinft  to  temperature  the  spawning  pciind  varied  more 
than  inx  ^eeks. 

128.  Maupas,   G.     8ur   1»  puissance  de  mtilti plication   des  In- 

fasoires   cili^,       Comptes   Hendus,  oiv.   (1887),   pp. 

1006-1008. 
In    favoarabtB    uatritivo    uonditions    Slylonkhia   piulatnl-i 
divide*  once  in  24  houra  at  a  temperature  of  7°-10°  C, 
twice  at  10°-15°,  thrice  at  lE°-20'',  four  limeB  at  20°.2I°, 
and  Bve  times  at  24°-27°  0. 

129.  MeBBAM,  T.     Relation  of  heat  to  the  sexes  of  flowers.     Proc. 

Acad.  Nat.  Sci.,  PhUad.  (1884),  pp.  111-117. 

130.  QciKQUAUD,  C.    E.      De  I'aotion  du  froid  sur  I'orgauisDie 

animal  vivant,     Comptes  Rendus,  civ.,  pp.  1542-1544. 

Hyperexeitation,  progreaaive  superoiygonation,  eto, 

131.  Kauber,  a. 
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\32.  lU>KDeL,  H.     Uobcr  die  uiitera  Tempenturgrenxa  bei  welober 
niedere  Thiero  noch  exiitiren  kunoeu.     Jen.  Zeitodir. 
Nftt.,  lix.  (1886),  pp.  1B3-2U. 
(irailnl  rcsiUti  of  lowered  tempenture— cetMtioD  of  fbnction, 
coma,  death,  etc 

13J.  ScHLECiiTitR.     Uebcr  die  Urvitcheo,  welche  du  G««chlecbt 
bcBtiaimcn.     Rev.   f.    'nerbeilkunde  uiid    'Henucht 
Biol.  Centralblt.  iv.  (1884).  pp.  627-629. 
Inter  alia,  iuHuencuorwawiu. 

134.  Semper,  K.     Op.  eit. 

Notes  how  JQcmMil  lii'at  is  aiaoi-iated  with  quickened  con- 
tractions of  contractile  Tocaolei  of  Inrusoriani,  a-itli 
iiicrets«*t  ciliary  activitj,  with  siio  at  gills  in  Artemia 
(S''liiim]ikewit)i(;li)<  will)  parlhenogenetic  rrprodactiou  of 
Afhidni,  auci  of  Treinatodes  (Zeller),  with  mor«  npid 
KiDal  iLiaturity  (inawcti,  etc.),  witb  quicker  development 
(Crnstacen),  etc.,  etc.,  and  how  leuenedheat  is  aasociateil 
with  the  cunTcrse,  witli  «exiial  Nprodnction  (Aphidf*), 
with  dwarf  brooda,  with  coma,  etc.,  etc 

135.  Stbudell,  a.     Zool.  Adz.,  x.  (1887),  pp.  42-46,  62-66. 

Incronsod   heat   shortens  larval  devetojimeot  of  HeUmUn 

136.  ViSBB,  S.  J.     op.  cil.     Influence  of  temiwrature,  \yp.  268, 

376,  etc. 
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141.  Bbbt,  p.     Influence  des  diverses  couleura  eiir  la  v^^tation. 

Comptea  Rendus,  IxxUi.  (1871),  p.  1444.  {Cf.  Sachs' 
Physiology  of  PliintH,  etc.,  for  nummary  of  similar 

reaea  relies.) 

142.  CoHS.  F.     JB.  Schles.  Gcb.  Vaterl.  Cult.,   1SS3,  pp.    179- 

186.     J.  R.  Mior.  Soc.,  1884,  p,  84, 
Merhanical  nctinn  or  ligbt  on  plantfi. 

143.  Detmer,  W,     Zum  Pi^blem  der  Vererbung.     Ai*oh.  f.  ges. 

Physiol.,  xli.  (1887),  pp.  203-215, 
Depp-rooted  effect  of  light  on  histology  of  ploiil  orsiini»ins 
(with  i-BrerenceB). 

144.  ExoELHAMN,  T.    W.     Uber   Reizung    Contraktileti    Proto- 

filaamas  dwrch  plotzliche  Beleuchtung.  Arch.  f.  ges. 
Physiol,,  xix.  (1879),  pp.  1-7. 

146,  Fizzom,  G.,  and  FiLCTi,  M.     Atti.  Accad.  Lincei,  iv.  (1880), 
p,  168. 

Ralibite  in  dark  .iccmiseil  in  weight  »n'\  amount  of  Inemo- 
globin. 

146.  Foi,  H.     Sur  lea  conditions  d'exiatence  sous  le  rapport  de 

la  lumi^re,  des  animauz  aqiiatiqiies  vivaiit  dans  les 
grandes  profondeiim  Arch.  Sci,  Phys.  Nat.,  xiv, 
(1885),  pp.  269-271. 

147.  FoREL,  F.  A.     la.  penetration  de  la  lumifare  dans  les  lacs 

d'eaw  douce.     Festschrift.  A.  v.  Kiilliker,  Bonn,  1887. 

1 18.  FiiA.SK.     Pringslieim'a  Jahrb.  f.  wiaa.  Bot.,  ix.,  p.  147. 

Iiinuence  of  light  oil  histology  of  Thiijs.     Qf.  Hoinrirlier, 


149.  Qeddbs,  p.     Art.  Sex.  Enoycl.  Brit,  quotes  authorities  on 

influence  of  light  on  aex. 

150.  Okaber,  V,     Fundamental  versuche  iiber  die  Helligkeita-nnd 

Farbea-Empfindlichkeit  augenloser   iind  geblendeter 
Thiere,     SB.  Ak.  Wien,  T.  »7  (1883).  pp,  201-236. 

151. -. — .     Gnindlinien  7ur  Erforschung  des  Helligfeeita 

und    Farbensinnes  der  Thiere.     Pnig,   und    Leipzig, 
pp.  322,  1884. 
VOL,  IX.  2  K. 
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152.  Grabeh,    V.       tjber  die   Helligkeits-nnd    FurlMD-empfind- 

lichkeit  einiger  Meetlhiere.     SB.   Ak.  Wiss.    Wien, 
xci.  (1865Xpp.  1S9-1S0. 

153.  lI^RON-RoiEB.      ObBervBtians    comparatives    aur    le    dt^ 

veloppement  exteme  et  I'^t  adulto  des   Bfttrnoiens 
du  geanf  Bombinator.    Bull  Soe.  Zool.  Fr,  xiL  (1S67), 
pp.  640-G6&,  2  pU. 
Quickened  the  derelopnietit  of  larrB  by  prolougMl  fby  Ibbi*) 
conditioDS  of  Okj  light. 

154.  Hkbrmaitk,  L.     (See  under  Electricity.) 

Effect  of  darkuen  on  twlpoles  {pp.  418,  419). 

155.  HioaiMBOTTOH,  J.     Influence  des  agents  phjrsiqnea  sar  le 

d^veloppement,  etc.     J.  de  Physio).,  ii,  p.  625. 

156.  KRUKEyBERO,    C.    F.     \V.      Vergleichond-Phystologische 

Vortriige,    iii.      Grundziige     einer     Vergleidienden 
Fliyaiologie  der  FttrbHtoflb  mid  der  Farben.     Heidel- 
berg, 1884,  pp.  85-184. 
Effect  of  light  on  pigment -roruiing,  |>.  M. 

167.  M'Aldowik,  a.  M.     Development  and  decay  of  pigment 
on  birds'  eggs,     J.  Aiiat,  Pbyaiol.,  zx,  (1886),  pp. 

225-237. 


160.  Pick,  H.  Ueber  den  Einflusa  dua  LicLU  Huf  die  Oesbilt 
und  Orientirung  der  Zellea  des  Asaia  i  I  utioo  age  welter, 
Bot  Ceutralblt.,  xi.,  Nag.  37,  38,  1  pi. 

lltl.  Platkau,  F.     Beclierchea  Hur  la  |>ei'ception  du  lalumibre  pnr 
lea  Myrio|Kidea  aveiiglea.     J.  del'Anat.  Physiol.,  xxii. 
3  {1886),  p.  431.    Cf.  Comptea  Rendua,  xcvii.  (1883), 
p.  467. 
AbtiiKlnnt  rercrences  to  littrnture  diacuanng  light.Broklug  iiiil 


1 C I  A.  .     Recberchea   exitdriin  en  tales    aui-    la    vision 

cLez  les  Ai-throi>odea.    Bull.  Aciid.  Belg.,  xiv.  (1887), 
pji.  407,  5i5;  xv.,  p.  28. 

1C3.  PoucHET,  G.  De  I'influeiice  do  la  luaiiere  aur  tea  Urves  dc-s 
Dipt&rea  priv6>3  d'organea  exterieura  de  la  vision. 
Rev.  et  Mag.  de  Zo.d.,  1871-73. 

163.  PocLTON,  E.  B.  Colour  Relation  between  Larvd  of  iimf:nH- 
Ihug  oeeUatus  and  its  Food-plauts.  Froc.  Roy.  Sue., 
si.  (1886),  pp.  135-173.  Colour  of  Pupa).  Trans. 
Entoiu.  Soc.,  1886,  pp.  46-48. 
TLe  influence  of  saiTODndiug  colour  on  Lcpidopteraua  Ibftk 
is  real,  bat  i?bq  only  be  enptoiuei]  iiy  a  complicated 
physiological  unJ  ajiparently  uvrroas  circuit. 

Au  Enquiry  into  the  cause  und  extent  of  ii 


Bpeoial  Colour- relation  between  certain  expoaed  Lepi- 
dopterous  piipie  and  the  aui-fttcea  which  immediately 
Buvround  them.  Proc.  Roy.  Soc.,  xlii.  (1887),  pp. 
94-108.     Cf.  Proc.  Zool.  Soc.,  1887,  pp.  191-274. 

165.  .  Further  Experiments  upon  the  Colour- 
relation  between  Phytophagous  Larvn  and  their  aur- 
roundinga.     Rep.  Brit.  Aas.,  1887,  p.  756. 

1G6.  Prinobhriit,  N,  Sur  I'aotion  de  la  luniifere  et  la  fonotiou 
do  ia  chlorophyll  dans  Is  plante.  Revue  Botan.,  xxvii, 
(1880),  etc. 

167.  Sacbs,  J,  V.  tJber  den  Emfluaa  der  Luftenijieratur  und 
des  TagesHohta  anf  dax  Langenw achat  bum.     Arb.  but. 

luat.,  VViirzburg,  1872. 
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1G3.  Schneider,  R.     Ein  bleicher  Asellus  in  den  Grnben  von 

Freibnrg  im  Eragebltse.     SB.  Akad.,  Berlin,  1887, 

pp.  733-742,  1  pi. 

Tcnilcncy  of  tubUmnwo   fonn*  to   nrtrt  to   yeang  or 

embryonic  couditioDt.     (</.  hit  nreKiiM*  to  litenton 

of  cave  fauiu.} 

169.  ScHKETZLBR,  J.  B.     Influence  de  In  lumifere  snr  lee  lairea 

de  Qrenouille.  Arch.  Sci.  Pbys.  et  Nat,  li.  <1874), 
p.  247. 

170.  Sbmpbr,  K.     Op.  cit. 

Numeroiu  illustrations  of  conacqueucea  usociatcil  with  light 
and  darkncBK. 

171.  Sbrbano-Fatigati,  E.     lufiuence  dee  direnee  oonlenrs  sur 

le  d^veloppemcnt  et  la  reapiration  des  Infnsoires. 
Comptes  Rendus,  Ixxxlx.  (1879),  pp.  959,  960. 

173.  StAHL,  K  Ueber  den  EinfliUB  dcs  Llcbtos  auf  den  Bewe- 
gungen  dcr  DeBinidaccen.  Verb.  pbvB.  Oes.,  Wnra- 
burg,  xiv.,  1879. 

173.  .     Ueber  den  Einfluas  dor  Ricbtung  und  Starke 

der  Bcleucbtung  auf  cinige  Bewegungsencheinungen 
iiu  FAaiizenreicbe.  Uebcr  den  Einflnaa  der  lichtin- 
tenaitat  auf  Structur  und  Anordnnng  des  Aatduiila- 
tionsparenchym.     Botnn.  Zeitung,  1880. 
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,  ViNBfl,  8.  H.     Lectures  o 
bridge,  1880. 
taAaeace  of  Liglil,  pp,  157,  252,  379,  etc. 

,  Wbisuank,  a.  TJeber  den  RUckachiitt  in  der  Natxir. 
Ber.  Freiburg  Gea.,  ii.  (1887),  pp.  1-30. 

Keren  degenerate  eyes  iu  darknesn  sn<i  other  similar  [ihcno- 
mana  to  (non)  opernlian  of  Natural  Selection. 

.  WiEsNER,  J,  Die  heliotropischen  Eracheinungen  im 
Pflanzenreich.  Denksebr,  Akad.  Wien,  1878.  (See 
Vines  and  Sachs,  op.  nl-) 

.  WiLHELM,  K.  Einfluas  des  SonnenlicLta  auf  Laiibblattei-. 
Biol.  Centi-alblt.,  iii.,  5  (1883),  pp.  120-134. 

.  Yung,  K     De  I'influence  des  difiiSrenteB  couleurs  du  s|iecti-e 

sur  le  d6feIoppenient  des  animaux.    Compt«B  Reiidua, 

liii.-lvii.  (1878),  pp.  998-1000. 
,  .     De    rinflnenoe    des    lumifereH  color^   sur    le 

d^veloppement  des  animaux.     Comptes  UeudtiB,  xcj. 

(1880),  pp.  440,  441. 
EITect  of  (coloured)  liglit  oti  dcveloiimunt. 
i.  — .     Contributions    k   I'Listoire    de    rinfluen<:i.<    <)e» 

milieux  pbysiques  sur  les  ^ti'es  vivantu.     Arch.  ZooL 

Eitpei-.,  vii.  (1878),  pp.  251-282. 

. .     Contributions  i  I'dtude  de  I'infloence  des  milieux 

physico-chimiquea  stir  les  6tros  vivants.     Archiv  de 
Zool.  Exper.,  T.  i.  (1883),  pp.  31-55. 

i,  .      Sur  I'influence   dea   lumiferes  color^  aur  le 

developpement  des  animaux.     Arch.  Sei.  Fhye.  Kat, 


dea   ]umi6rea   colorees   sur    le 
MT.  Zool.  Stat.  Neap., 


des   milieux  physico-chimiquoa 


sur  le  di^veloppemeut  des  t^tards  de  grenouille  (Rat 
Mctilenla).     Arch.    Bci.    Phys.    Nat,    x.    (1883),  pp. 


Rcjiort  in  Ann.  Mtig,  Nat.Hiat., 


J'roteeJiivfS  of  the  Bogal  Phjfsital  Society. 

VSQ,  K  De  rinflurace  de>  variations  du  milieu  phTsuo- 
cliimiqiie  Bur  Ic  dt^reloppement  dea  aninwax.  Arch. 
Sci,  PhjB.  N«L,  T.  xiT.  (1885).  pp.  502-522. 


(r.)  Electrical  (190-196). 
.  Frommask,  K.     O/i.  eit.,  45,  j.p.  50  69,  115-177,  255-275. 
.  Hermann,    L.      Eine    Wirkting    galranischer  Strbme  auf 
Organiamen.     Arch.  f.  gea.  Phjsiol.,  xxzvii.  {1S65}, 


pp. 


457-460. 


Vj'2. .    WpitcroUntenuchangenflberdBaVerhalten 

iler  KroBclilarvpik  iiu  galvaniacher  Strome.     Arch.  L 
gi-a.  Phj-siol.,  xxxix.  (I<*86),  pp.  414-419. 

I'jX  Magcioram,  C.  Iiifluenia  del  magnetisma  aulla  embrio- 
geneais.  Contrilmto  alle  ricerche  biologicLe.  AUi 
Roiid.  Ace.  Rom.,  vol.  i.  (1887),  pp.  123-143,  1  pi. 

1'.'4.  Koux,  \V.     Ojt.eit.,  26. 

Iiillueiice  orelei'lric  dtimuli  on  dcvelopiug  ora. 
ll>5.  Slater,  J.  W.     Trans.  Etitom.  Soc.  London,  1885. 

InflHencr  of   inAgncliaiii   ujioii    iiia(>ct   derelopment.      {C/. 


Infiaence  of  Ennronmeni  upon  the  Orijanmii. 


4i)3 

t(«  Reiidus,  civ.  (1887),  pp.   1113-1115.     Ann,  Nat. 

Hiat.,  XI.,  pp.  78-80. 
Pkyxus  pagaH  nmkeii  abdominal  sppeadagea  of  male  Bitjia- 
guru*  like  iioriual  feniato,  and  tetitea  are  filled  wilh 
imperfect  Bpermataxoa.  reUogcuUr  paguri  makcg  male 
Pagunu  sterile,  and  modifies  aKlominal  sppendagea  of 
funiala  in  the  directiou  of  the  normal  male. 


I 


199a.  KOROrNBPP,    A.     Zwei  neae   Coelenteraten.     Zeitscbr.    f. 
wiM.  Zool.,  xlv.  (1887),  pp.  4G8-490,  1  pi 

200.  Leuckaht,  R.     Die  FartiBilen  dea  Menscben.    Leipzig,  1876, 

1B81.     Vol.  i.  translated  by  W.  E.  Hoyle,  Edirb., 

1886. 

KITectii  of  paruila  on  hoit — inflainumtion,  lisring,  clioking, 
deterioration  of  juices ;  alio  deatrnetion  of  re[>railucCive 
orKsna  (CWerrftm  emaKtiliil«r  in  teeteeof  sqairrel ,  Nema 
lodes  an  pond  snails).     C/.  Semprr. 

201,  LuNDBTBOM,  A,  N.     Pflfinzenbiologiscbe  Studien.     II,  Die 

Anpassungen  der  Pflaiizen  an  Thieren,  N,  Act. 
Upsftia,  xiu,,  2  (1887),  pp.  1-88,  4  pis. 

2l)2,  Rous,  W.     Der  Kampf  der  Thoile  iin  Organiniuus.     Leipzig, 

1881. 
Illustrution  of  liiiilologiual  modification  induced  by  pnrsetUe. 

203,  Sc'HULZE,  F,  E.     "  Cliallenger  "  Report  on  Hexacttnellida 

1887. 

Comnienaal  polypes  {Slephoiq/phv*  mirabili*)  have  wliollj- 
ttllered  the  form  of  a  tpongc  (Uyiilla). 

204,  SiiMPEB,  K.     Op.  cit. 

Records  how  »]>ongBS  arc  modified  by  polypea  ;  Ilydroids  l>y 
rycnogooidiE,  till  a  apeciiii;  chantcter ;  the  modifyiug 
associntion  oF  liucciimm  aiid  a  Oorgonia,  an  Antipatbcs 
and  an  Annelid ;  qnote*  Koramann  to  show  that  asym- 
metrical growth  of  parasitic  Pachybdello,  originally 
indnced  by  pressore,  lint  now  hereditary.  Also  mecliaui. 
cul  influence  of  pnrasitea. 

205,  Botanical  workn,  for  illuBtrnlionB  of  direct  modification  of 

flower  sh&pe  by  ineecl  visitors,  of  extra-floral  nectaries 
(Beccari)  now  hereditary,  but  originally  doe  to  ant^ 
jiunctarcB,  of  malformations  in  leorea  whicb  become 
constant  clmrnct*-rs. 


J'lfccoliH'js  of  Ihf  Boffal  J'hi/tical  Sociitj/. 


AHUKM'A   TO  OtXEKAL   LlST. 

]>ALL,    W.    H.      De«i>-Sea   MulluHca.      Bull    Mus.    Comp. 
Zoo).,  xiL  (18t«lJ),  p|>.  171-318,  0  yliL 
,   Kdwakds,  V.   W.     De  riiitlueiii-u  dee  itgenU  iiliyiii<]uea  sur 
U  vie.     Puns,  1»24. 
lull  I-  alia,  eir>«t  uf  uutrilivt'  glitugea  on  frugn  (i]uot«J  I'V 
Yuug). 
,  FosTANSEs,  M,     Sui-  i-ertaiiu-a  corr^itttioiiH  cntre  lea  inodi- 
ticatious  qu'tii>rouvcat  defi  es[H;ct.-a  differente,  noutawa 
Hux  iiiL'Die  infliicnctM.     Coinptes  RenduB,  ciii  (1886), 
l>y.  1022-1024. 
,  Fuciis,  T.     Vi'iui  biibuii  wir  uiitcr  der  "Tiefsee-ftiuna"  eu 
vL'i-BU-hen,  uiid  durcli  welches  phjsicaliache  moment 
winl  das  AuftrfU-n  dersclbvu  bedingt.     Verb.  Geol. 
RL'itLtuiirt..  Wieii,  18(*3. 
.  (Iautier,    a.      Dh   iiiwanisnie   de   lu    variation    dos  Atiw 
vivHnUi.     Honiiiiaj;i:  a  M.  Clievi'eiil,  Paris  (1886),  ]i|i. 
20-53. 
Ciiiiiiiiiiiiy  nf  ii  fi>niL  IK  "  iiotliiii^  more  tliaii  the  mulunt  of 
tlio  fiiTi'i«  wliii-li  tiiaiiitnin  iJiv  ehemiail  sfTi'd  of  wliidi 
tlic  urf^bUni  iit  ['uniiMMrd.     Tlic  conililion  of  variation. 
i>r  or  iiiiliviilunlUuliou,  i«,  on  tlic  cuutrary,  the  more  or 
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214.  Meehan,  T.     On  paralklisti]  in  Distinct  Lines  of  Evolution. 

P.  Acad,  Pbila(leli>hia  (1880),  pp.  294,  295. 
"Eiiviroumeiit  aecius  to  ImvB  no  furthw  iBlluenco  timii  to 
irioite  to  action  a  cbangs  olrewij  ripe  for  JevetapmeDt." 

215.  Meb,    E.      Bull.    8oc.    Bot.,    France,    xxix.,    1881.      Ihid., 

2a  Sen,  viiL  (1886),  p.  1G8. 

filler  pUnls. 


21G.  MuiiLBEKo.       Die    AUgemeine     Esistenzbcdingungeti    der 
Organismen.     Aaran.  Saueilander,  IS82. 
Simply  general  diBuussinu. 

217,  MuNBTEBBKKQ,  H.     Die  Lehie  von  dor  natiirlicben  Anpas- 

sung  in  ihrer  Entwicklung,  Anwendung,  iind  Bedcu- 
tung.     Inaug.  Diss,  Lei|izig,  1886,  pp.  114. 

218,  Noll  (no  init.).     Ubev  den  Einilues  ausaererKriifte  aiif  die 

Geataltung  der  Pflanzen.     Biol.  Centralblt.,  \'ii.,  pp. 
699-701.     60  Ners.  Deuiscli.  Naturf. 
Diacoaaiag  pltinlB,   Protozoa,   protoploainio  Isjero,   etc.,   iu 
relation  to  environment. 

21'J,  PiiEYER,  W.  tlber  die  allgeineinen  LebensUedingungen. 
KHtui-wisBeiischaftlicbe  Thatsocben  iiud  Problem  e. 
Berlin,  1880, 

220. .      Die    Bewegungen   dev   Seesteme.      MT.    z. 

Stat.  Neap.,  yii.  (1887),  pp.  191-333,  1  pi. 
Various  vlTectB  of  mocLaiiical,  electrical,  themial,  aad  chemi- 
cal stimuli.     Attraction  ot  Asteridi  to  liglit.     SoiuiitiTe- 


131.  Roux,  W.     Beitriige  zar  Moq)hologie  der  fonctionellen  An- 
passung.     Arch,  de  I'Anat.  Phyaiol.,  1882,  p.  76-162. 

12Ia.  .     Beitrage  snr    Moipfaologie  der  functioneliua 

AnpasBimg.     Uber  die  Selbatregulation  dor  luorpLo- 
logiHcheu  Lange  der  Skeletmuskeln.     Jen.   Zeitschr. 
f.  Nfttnrw.,  Kvi  (1882),  pp.  358-427. 
Good  cxampio  of  working  oot  of  a  wit  of  "  ruiictional  varia- 

22,  .     Zur  Mechiinik  der  Entwickeliing.     Zeitscbr.  f. 

Biol.,  jLxi.  (1886),  pp.  1-118. 
iii'll -<li(r«Tt'iiliiili>iii  and  corrcUlivi;  diirvrviitiatl'iii, 
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KSVmOSMESTAl,   INFLUBSCE  IS   RKLATIOS  TO   HeBBOITV. 

Some  recent  works  bearing  on  thia  Bnbject  (223-246). 

223.  Bahbexk,  C.  ran.     Pourquoi  nous  reasemblons  a  no8  parents. 

Bull.  Acad.  roy.  Bolg.,  T.  x.  (1885),  No.  12. 

"^1.  ItARFURTn,  D.     Biologie  tier  Forellen.     Arch.  mikr.  Anat., 
xxvii.,  PI..  128-I7ft,  2  pis. 
Indiience  orhiiiJorcil  spawning  (rrnmnalura of  ■arroandiDip) 
not  eonliiiml  to  mndirying  oraiy,  bnt  the  clemtnU  aftor- 
vrtrd*  jiroJuced  r««Dlt  in  dqreueiate  tmota. 

225.  Bektuoli>,  G.    Stiidien  iiber  Protoplaama-mecliaaik.     Leip- 
zig, 1886,  p.  332,  7  pU. 
Tlie  connection  bclirccn  gcnomtitrai  ii  cRected  by  the  rlirmj' 

cal  continiiily  or  tlio  constituent  mbstances,  and  l>y  tlic 
dclinito  inor|iliolof^oal  composition  of  tfae  Kpntdnctire 

eldinonta. 

230.  ItaooKfl,  \V.  K.     Tlie  Law  ot  Mereditj.     Baltimore,  1883. 
Tbo  rclntlon  between  change  of  CDvironmont  and  throwiog 
olT  of  )p>Tn mules. 

227.  l)KTMEn,  W.     Zam  Problem  <lui-  Vcrerliung.     Archiv  f,  d. 
go8.  Pbyaiol.  (Pflugcr),  xli.,  5,  6  (1887),  pp.  203-215. 
AgaiuKt  Wt'iKmann. 
.  IT,  T.      Die  Knstfliiing  <1er  Artcn  anf  Grund  v 


IiijlMiice  of  J-yiiviroiinunl  ap&ii  the  Orguvmn 


.  HoCFMANN,  H.    Vererbungerworbenei-EigeuHcLaften.    liiol. 
Ceutlblt.,   vii.,   21   (1888),  p.  667.     Botan.   Zeitung 
(1887),  pp.  200,  772. 
Instaoees  of  tlis  trananiiMiou  of  rhAnKtera  imprcEsed  iiii'ui 
Uie  pldnt  by  nutrilive  eiiviroument. 

.  KoLLMANN,  J.    Biol.  Centralblt,,  v.  {188(i),  pp.  673-679,  705- 
710. 
Ciitirjue  of  Wtijmanti  and  Vircliow. 

.  Obth,  J.     i/ber  (lie  EiiBteh'ing  und  Vererbimg  imiiviiliiel- 
ler  Eigenschaften.     Featscbrift  A.  v.  Kiilliker,  1887. 

.  RiCMTEB,  W.     Ziir  Theorie  von  der  Kontmuitat  des  Keim- 
pUHinas.     Biol.  Contralbit,  vii.,  2,  3,  4. 
Hiaforicftl  and  oriticRl,  supporting  WeiBmaini. 

A.  . .     Zur  Vererbung  erworbener  EigenBchaft«n. 

Iliol.  Centmlblt.,  vii.,  22  (1888). 

.   HoTii,  E.    Die  TLatiiacLen  der  Vererbung  in  Geacbichtlieliei'- 
Kritischer  Darstellimg.     2d  Ed.,  BerttD,  1885. 
Bibliographic  liet  up  lo  1876. 

,  BEl)l9WtCK,  A.     Development  of  Cape  species  of  Peripatiis. 
Q.  J.  Micr.  8ci.,  xxvi.,  pp.  175-207,  3  pis. 

Primitive  eyncyti*!  charactor  of  embryo. 
.  Seiireii,  K.     Op.  fit.     Appendix,  p.  410. 

Notp  on  tlio  litrcditary  Iranemisaion  of  chftmcUrg  i[Jipre)jied 
on  tbe  organiam  by  tbe  environment. 

.   ViRCHOW,    B.      Deecenilenz    iind    Pathologic.      Vii-chow's 
Atchiv,  ciii.  (1886).  pp.  1-16,  205-215,  413-437. 
Crititpio  of   Weinmann's  tlieory  of  the  non-inhCTitance   of 
fhatactEraeilerniillj  iinprcBbeJ  (luring  indiTidual  Ufa  of 


Acclimatiaation.    56  Vera.  Naturf.  u.  Eontte, 


18SG, 
.  Wbismajjn,  a. 


Die  Ck>ntinuiCat  des  Keiuiplu-inms  als  Gruud- 
■  Tbeorie  der  Veiorbung.     Jeua,  8vo  (1885), 


Zur  Antmbine  ciuov  Conlinmtat  dea  Kdim- 
Hit.  Freiburg  (i™,,  D.I.  i.,  Ht^ft  ■(  (18(10), 


Protttdings  of  the  Royal  Phjftieal  Society. 

isMANX,  A.     Die    Bedeutung  der  Bexnellen    Fortpflan- 

eung   ffir  die   Selektions-Theorioi     J«im,    ]866,  etc. 

Cf.  former  works. 

ludividtul  }iFciilL>ritiM  imjireMal  bf  enriroDiiiciit>l  influeDcei 

on  tbe  Metazoan  pirtnl  arc  not  known  to  bo  hereditatilf 

tTamuiitUd. 


245. .     Zur  Frage  nach  der  Vererbung  erworbener 

Kigeoscbaften.    Biol.  CentTHlblt.,  ri,  2,  te8& 

246.  ZiecLBB,  E.    Ebnnen  erworbene  pathologiache  Eigoiuchafteii 
vererbt  werden  lud    wie   enatehen   erbliche  Kisak- 
heitcn  und  Minbildungen.     Jena,  1886. 
CorroborBtioD  of  ^VcisuuiD. 


Some  Gkneral  Works. 

(217-261,) 

N.B. — Many  other  classic  worka  on  Evolution  of  courae  discnsa 

tbc  Duflbnian  poflition,  and  inigbt  equally  have  been  cited. 

'1\1.  Clacde  BEK^ARD.     FbenonitncH  de  la  vie  communs  «ux 
animaiix  et  aux  vf^^Uux,  1870-1878. 

248.  BuFPON.     Histoii-e  natufcllc  g^ncralc.     Paris,  1749. 

249.  CuAXBBRS,  R.     VcstigcH  of  the  Natural  History  of  Creation. 
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2.'»7,  IlERiiEiiT  Spencer,  Tbe  Fuctora  of  Organic  Evolutioiu 
Nineteenth  Century,  No.  8C,  ISBC.  Kosmos,  xvii. 
Separately— Williams  A  Norgate,  1886.  Cf.  The 
Leader,  1852  ;  Principles  of  Biology,  1859. 

258.  GEOFfROT  St  Hilairg.     Principea  de  Philosojjhie  zoologiqiio. 

Paris,  1830. 

259.  TBBViBAKua,  G.  R.     Biologie,  oder  Philoaophie  der  lel>endcn 

Natur,  Pt  i.     Giittingen,  1802.     Eracheinungeti  und 
Gesetze  dea  Organischen  Lebena,  1831. 

luterprotB  almost  all  in  tenna  of  enrironmontal  influenco. 

260.  Wallace,  A.  R.      Contributions  to  the  Theory  of  Natural 

Selection,  1871,  etc.    Tbe  Origin  of  Species  and  Genera. 
Nineteenth  Century,  vii.,  1880. 

2(il.  Wbibmann,  a.  Studies  in  the  Tlieory  of  Dusccnt.  Mel- 
dola'a  Trans.,  1880-1682. 


XXXIX.  On  the  Prevalence  of  Euryplerid  Remains  in  tke 
Carhoni/eroua  Shales  of  Scotland.  By  Jamf.s  Benxik, 
Esq.,  of  the  Geological  Survey  of  Scotland. 

(Read  21st  March  ISSS.] 
In  this  paper  it  is  intended  to  put  upon  record  some  facta 
about  the  Eurypterids  which  I  have  become  acquainted  with 
in  my  researches  for  spores  among  the  coals  and  shales  of 
the  Carboniferous  formation.  These  facta  seem  to  me  to 
prove  that  individuals  of  that  family  were  not  rare,  as  the 
few  instances  of  their  occurrence  on  recoi'd  suggest,  but 
extremely  abundant — certainly  as  to  individuals,  and  pro- 
bably much  varied  as  to  species^during  the  whole  of  the 
Carboniferous  period.  The  extreme  paucity  of  the  record  as 
to  individuals  and  species  is  well  shown  in  a  paper  by  l)r 
Woodward  in  the  Geological  Magitziiut  for  November  last, 
wherein  he  enumerates  five  species,  represented  by  seven 
specimens,  which  he  says  is  complete  for  the  Devonian  and 
Carboniferous  formations.  To  Dr  Woodward's  list  nmst  bo 
added  another  f^pecies — Kiirijfiniis  Stcvcnsimii — described  by 


.>iiO  Pivfcdiii-jH  o/tlie  Ro^l  Ph>f»ical  Society. 

II.  Kllionil;.'c,  jim.  (Qiftrf.  Jbnrn.  Geol.  Soe.  for  Maj  1881, 
xx.xiii.,  'I'Sl),  iwax  s])eciiiiun8  obtained  in  the  Lower  Carboui- 
furuiia  fi)riiiatiuii  of  iterwiukahire.  Tlie  remains  indicated,  in 
Mr  KUieriiI<;u's  i>]iinion,  a,  much  larger  species  than  E.  Scouleri. 
Tlu-  si)L-ciim-ni9  fi'uiii  which  A'.  SUovasonii  was  described  were 
from  tliti  cullectiuns  of  the  Geuhigiciil  Suivey  of  Scotland,  of 
Mr  Stevmisim  of  Dun.i,  and  nt'  ^Ir  Smith  of  Preston  furui, 
Diiii^  Mr  Etli(jri<Ige  stiiiposeil  tliat  some  of  the  specimens 
nii;;ht  nut  Ire  1iu<iy  i-iii}{4  or  segments,  but  portions  of  the 
linik-i  or  iiji]ii>nda^(;s :  this  has  been  settled  by  Mr  Peach 
.j<)iiiin>;  two  of  these  fn^'meuts  together,  when  its  character 
IIS  ii  limb  was  manil'i'St.  There  is  exhibited  in  tlie  Museum 
ut'  Suit-iice  und  Art,  KiUuburgh,  a  head  (with  several  of  the 
biidy  rings  uttiicht.'il)  ni'  K.  &vuleri  fi-om  Kaat  Kirktou  quarry, 
iiutli^Mtt!,  whiirh,  having  the  black  doniial  covering  with  the 
peculiar  oniauaMitiLtiou  of  the  family  preserved  as  in  life, 
iiii<{ht  to  li(3  ti^iireil,  as  the  original  specimen  described  by 
Hr  Scmik'r,  imw  in  the  Aiiilei'soninn  Museum,  Glasgow,  is 
•IfcuvticLitt'iI,  iukI  unly  the  inti'ninl  cast  of  the  head  preserved. 
Another  specimen  of  a  new  and  undescribed  Kurypterid  was 
fiiimil  by,  ami  i^  in  the  [Kissession  of,  Mr  Kobert  Duulop  of 
Wliiteri^g,  Airdrie.  Its  chief  distinction  seems  to  be  that 
tilt'  Ijuily  .SL-gtiieiits  are  extremely  narrow  and  ribbon-like. 


Eiii-ijpterUl  Raaaiits  in.  CarhoHifr.roiia  S/uUes  of  Sfotlanil.   501 

Itadstock,  Somersetshire,  where  tlie  head  of  the  Eurypterid 
lately  described  by  Mr  Peach  waa  found. 

It  will  be  most  convenient  to  give  these  occurrences  in 
two  gronps,  arranged  according  to  the  materials  in  which  the 
remains  were  found. 

First  Grmip,  in  black  fakes — (1.)  Ilailea  Quarry,  4  miles 
S.  of  Edinburgh ;  (2.)  Kingacavil  Quany.  1  mile  E.  of  Lin- 
lithgow ;  (3.)  Whinuyhall  Old  Quarry,  1  mile  N.E  of  Burnt- 
island ;  (4.)  Gilmerton  SaDdstone  Quarry,  4  miles  H.  of 
Edinburgh ;  (5.)  Cove  shore,  1  mile  N.K.  of  Cockbumspntli. 

Second  Group,  in  fireclays  or  pUnt-beda— (1.)  Joppa  Quarry, 
3  railea  E.  of  Edinburgh ;  (i!.)  Shear  Bum,  3  miles  S.  of  West 
Calder;  (3.)  Shore  West  of  the  Pana,  1  mile  E  of  CraU,  Fife. 

The  positions  of  Nob.  1,  '2,  3,  and  5  are  in  the  Calciferons 
Sandstones,  and  No.  4  in  the  Carboniferous  Limestone.  In 
the  second  group  the  position  of  No.  1  is  in  the  Carboniferous 
Limestone,  and  Nos.  2  and  3  in  the  Calcifcrous  Sandstones, 

First  Group  in  Black  Fakes. 
(1.)  Ilailcs  Quarry. — At  page  104  of  the  paper  on  Spores 
it  is  stated  Uiat  a  cousiderable  nnmber  of  pieces  of  scorpion 
and  Eurypterid  skin  had  been  found  in  the  black  fakes  which 
occur  in  the  sandstone  of  Hailes  quarry.  Since  the  time 
when  that  statement  was  made  larger  quantities  of  these 
fakes  have  been  examined  and  the  results  mnltiplied  mani- 
fold, and  the  conclusions  confirmed  with  increased  emphasis. 
Throughout  the  whole  time  during  which  the  200  feet  or  so 
of  the  sandstone  of  Hailea  waa  being  deposited,  the  winds 
must  have  waftetl  and  the  streams  have  floated  into  the  broad 
ahallow  lake  in  which  the  sand  was  deposited  all  the  light 
vegetable  and  animal  debris  off  the  land  that  they  could  lil^ 
and  carry.  This  debris,  after  floating  for  a  time,  sank  and 
was  buried  in  the  sandbed  as  it  fell,  or  as  the  waves  disposed 
it.  This  woidd  be  most  frequently  in  small  patches,  which 
now  exist  as  black  streaks  in  the  solid  layers  of  sandstone ; 
less  frequently  in  thin  layers,  which  now  form  the  partings 
by  which  the  sandstone  is  divided  into  the  shallow  beds, 
which  is  the  most  charneteriatic  feature  of  the  Hailes  sand- 
stone ;  and  sometimes  into  beds  of  black  and  white  fake?, 
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consisting  now  of  alternate  laminte  of  carbonaceoas  matter 
nnd  sandstone  oft<.'n  not  thicker  than  sheets  of  stout  paper 
ThcRR  fnkt's,  being  useless  as  btiilding  stones,  are  thrown 
n»idi!  as  waste,  and  when  thoroughly  weathered  the  white 
liiyiTs  can  be  easily  separated  from  the  black,  which  latter 
when  cnislied  resolve  into  spores,  sacs,  bits  of  plant  stems, 
crumbs  of  carl>onised  wood,  and  shreds  of  scorpion  and 
Kuryptcrid  skin.  As  I  have  not  yet  found  time  or  patience 
to  count  how  many  pieces  of  Plurj-pterid  skin  tnmed  up  in 
any  given  quantity  of  material,  I  cannot  give  the  number 
with  the  precision  of  a  census  enumeration,  but  as  these 
pieces  amount  to  many  hundreds,  we  may,  without  exaggera- 
tion, say  they  represent  one  hundred  individuals.  But  then 
as  the  amount  of  material  from  wliich  they  were  taken  com- 
pai'c<l  with  the  amount  that  romnins  in  tlie  rock  is  infini- 
tesimal, wc  may  safely  conclude  that  each  hundred  pieces 
};ot  may  be  represented  by  a  thousand  pieces  locked  up  io 
the  solid  slone  which  it  is  impossible  to  extract  These 
iiicts,  I  think,  prove  without  any  gainsaying  how  numerous 
tlio  Eurj'pterids  must  have  been  in  that  portion  of  the  car- 
boniferous liind  represented  by  the  sandstone  of  Hailes  quarry, 
(2.)  Khu/nravit  Qiiarn/,  1  mile  E.  of  IJnlitligow. — The 
conditions  under  which  the  blnck  fakes  of  Kingscavil  occur 
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been  found  in  the  black  fakes  in  Kiugscavil.  Unlike  Hailes, 
however,  there  was  a  commingling  of  the  present  life  with 
the  Carlioniferona  life  of  Kingscavil,  which  made  the  search 
more  complex,  yet  added  much  to  the  dramatic  interest  of 
the  work.  Some  of  the  walls  built  of  black  fakea  faced  the 
Boulh,  and  afforded  sunny  spots  where  the  flies  and  other 
insects  might  enjoy  the  warmth  of  noontide.  The  spiders — 
the  scorpions  of  the  present  day  in  Kingscavil — spread  their 
weba  across  the  interaticea  between  the  alaba  and  caught  the 
denizens  of  the  air,  and,  having  devoured  the  soft  parta  of 
their  bodies,  left  their  wings  and  harder  parts  strewn  about 
the  precincts  of  their  dens.  These  were  lifted  indiscrimi- 
nately by  my  resurrectionary  trowel,  and  of  course  invariably 
turned  up  in  the  prepared  material  with  the  fragments  of 
scorpions  and  Eurypterida,  and  thus  the  past  and  present  life 
in  Kingscavil  was  strangely  blended  in  a  resurrection  common 
to  both.  Ilepeatedly  in  searching  I  lifted  now  an  insect's 
head  or  wing  or  leg,  and  then  a  bit  of  scorpion  or  Eurypterid  ; 
now  a  seed  of  some  plant  still  growing,  and  then  a  spore  or 
sac  of  some  carboniferous  tree — the  past  and  present  being 
before  me,  making  me  contemporary  with  both. 

(3.)  WkinnyJiaU  Old  QiuiTTy,  1  mile  N.E.  of  Burntisland.— 
In  this  quarry  the  black  fakes  occur  in  somewhat  different 
conditions  than  obtain  in  Hailes  or  Kingscavil,  as  not  only 
are  ihey  found  between  lamina;  of  sandstone,  but  also  in  thin 
layers  of  blaes,  an  inch  or  so  in  thickness  dividing  thin  beds 
of  sandstone  3  or  4  inches  in  thickness.  Under  about  40 
inches  of  a  coarse  barren  sandstone  there  is  at  Whinnyhall  old 
quarry  12  or  14  feet  of  tliin  beds  of  sandstone  parted  by 
layers  of  blaes.  These  partings  of  blaes  when  thrown  aside 
■weather  into  dust,  and  can  be  gathered  and  washed  as  easily 
as  limestone  shale.  The  spores  and  pieces  of  scorpion  skin 
are  much  better  preserved  in  blaes  than  in  sandy  fakes,  as  in 
the  blaes  there  are  none  of  the  grains  of  sand  or  tiakes  of 
mica  which  deface  by  minute  pitting  the  spores  or  skins 
found  in  sandy  fakes.  The  ornamentation  of  the  apores  or 
skin  are  therefore  much  better  preserved,  and  are  often  as 
perfect  as  in  life.  The  yield  of  scorpion  remains  exceeded 
here  those  of  the  Eurypterids,  still  enough  of  the  latter  were 


5(14  ProeteiHni/s  oftht  Royal  Fkytieal  Society. 

got  to  prove  that  Iiere  also  tliey  were  prevalent  in  this  posi- 
tioD,  wliich  is  but  a  sliort  distance  above  the  Grange  or 
Burdiehouse  limuetone. 

(4.)  Gitmerton  Sanddone  Quarry. — In  this  quarry  also  the 
bkck  fakes  are  got  chiefly  in  the  beds  of  blaes  2  or  3  feet  in 
tbickueaa,  which  seimrate  the  tliick  beds  of  sandstone.  The 
spores  and  scorpiou  and  Eurypterid  remains  are  therefore  as 
good  as  those  from  'Whiaayhall;  indeed,  the  Eurypterid 
remains  are,  if  possible,  better  preserved  and  more  numerous 
in  this  position,  which  is  just  above  that  of  the  Gilmert«n 
limestone. 

(5.)  Cove  Short,  1  mile  N.E.  of  Cockbumspath. — This  is 
perhaps  the  best  cxauiple  of  Eurypteiid  and  scorpion  re- 
mains in  black  fakes  that  we  have.  Its  position  is  but  a  few 
feet  above  locks  which  are  considered  to  be  the  Upper  Old 
Ked  Sandstone,  and  consequently  at  the  very  base  of  the 
Carbon  iferoua  formation.  Tlic  fakes  are  in  two  layers, 
respectively  13  and  18  inches,  with  a  band  of  sandstone 
4  inches,  in  which  are  plant-stems,  and  are  immediately 
overlaid  by  a  bed  of  sandstone  18  inches  in  thickness, 
crowded  with  naiTow  stems  of  calamitis  and  lepidodendroids, 
generally  as  caats  and  impressions,  but  sometimes  solid  with 
the  woody  structui'e  preserved.      It  was  in  this  upper  bed 
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Second  Groop  in  Fireclays  and  Plakt-Beds. 

(1.)  Joppa  Quarry.  3  railea  E.  of  Ediiiburgh. — The  two 
positioua  in  this  quarry  are  tlie  most  important  in  tliis 
^roup.  These  are  about  100  feet  apart  vertically,  and  are 
both  fireclays  beneath  sraall  coals  each  3  inches  in  thickness. 
The  lower  one  lies  about  a  foot  below  the  Joppa  limestone, 
which  is  well  known  to  be  the  lowermost  of  the  Upper 
Limestones,  and  underneath  it  lie  the  valuable  seams  known 
as  the  Edge  coals  of  Midlotliian.  The  section  may  be  de- 
tailed— Joppa  limestone  in  two  beds,  4  feet ;  shale,  1  foot ; 
coal,  3  inches;  shale  and  Breclay,  6  inches;  then  a  thick 
bed  of  sandstone,  the  surface  of  which  immediately  under 
the  fireclay  is  traversed  by  numerous  roots  and  rootlets  of 
Stif/mariu.  The  first  3  inches  under  the  coal  ia  in  parts 
a  shale  rather  than  a  fireclay,  and  has  in  it  numerous 
shreds  of  the  epidermal  tissue  of  plants  in  a  mummified 
condition,  many  of  which  are  translucent,  and  show  the 
structure  as  well  as  in  recent  plants.  In  many  of  these 
shreds  the  stoinata  or  breathing  pores  are  distinctly  visible. 
A  good  number  of  spores  occur  among  the  vegetable  d4bns, 
II  few  shreds  of  scorpion  skin,  and  a  great  many  pieces  of 
Eurypterid  skin  with  all  the  markings  which  distinguish 
the  family  nearly  as  perfect  as  when  in  life.  There  is 
evidence  that  much  of  the  vegetable  dihris  and  also  the 
Eurypterid  fragments  which  the  wind  wafted  about  were 
limed  by  the  waters  in  the  little  pools  on  the  surface  of  an 
old  soil,  and  when  over-saturated  sank  and  were  buried  with 
the  dust  that  the  same  winds  carried  into  the  pools  from  the 
land  surface  immediately  suiTOunding.  The  next  position 
in  Joppa  quarry  is  situated  in  the  eastmost  face,  and  the 
bed  they  lie  in  consists  of  3  inches  of  fireclay  below  3  inches 
of  coal,  and  has  yielded  hundreds  of  pieces  of  Eurypterid 
skin.  They  are  all  in  exceedingly  good  condition,  with  the 
peculiar  ornamentation,  the  "  hall  mark  "  of  the  family,  as 
emphatically  embossed  as  we  see  in  minted  coin  or  medals. 

{2.)  Shear  Hum,  near  Uarbnrn  Tile  Works,  3  miles  S,  of 
West  Calder. — Beneath  a  2-inch  coal  occure  a  layer  of  fire- 
clay equally  thin,  which  has  yielded  for  its  thickness  an 
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extra  miiiitjer  of  pieces  of  scorpion  and  Eurypterid  skin, 
excellently  jircaerved,  with  all  Uie  peculiarities  of  stmctnre 
and  urnanioiit  wliich  distingutali  the  two  families.  This  coal 
is  the  niid<lle  one  of  three,  which  occur  in  a  bed  of  fireclay 
or  eliale  S  or  10  feet  in  thickness  which  lies  between  two 
lieds  of  siind»tone,  the  lower  of  which  overlies  a  thick  bed  of 
volcanic  asIl  The  fireclays  represent  old  soils,  and  the  coals 
the  phmtB  wltich  ^w  therein,  and  the  pieces  of  acorpion 
and  Kurypterid  skin  the  animals  that  lived  and  banted 
for  ])ruy  beneath  their  shade.  The  numbers  of  these  animals 
niiiy  be  roughly  gueasod  from  the  fact  that  from  a  small 
bagful  cut  out  froui  the  outcrop,  in  cubic  bulk  not  more  than 
hiilf  a  cubic  foot,  aovenil  dozen  pieces  of  Eurypterid  skin 
■wvw  derived.  If  so  small  a  portion  of  the  bed  yielded  so 
nuiny,  then  the  (juiiutity  in  the  whole  must  be  incalculable 
by  nuy  ordiuury  enuuiemtiou,  and  can  be  only  expressed  by 
Moiue  of  these  tigures  of  speech,  such  as  the  haira  of  the  liead, 
expressive  of  multitudes  which  no  man  can  number.  The 
strata  ex])used  in  Shear  ]}um  must  lie  deep  down  in  the 
t 'ill cife rolls  Srtiidstonea. 

(:t.)  Short-  Iffirf  of  the  Pans,  1  mile  W.  of  Crwl,  Fife.— 
'I'lie  niiiiaiua  of  scorpions  occur  here  in  a  plant-bed  in  the 
middle  of  ii  thick   bed  of  clayey  shale  which  intervenes 
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of  sand  and  mud,  the  pauses  in  the  deposition  being  just 
sufficient  to  allow  each  film  of  sand  or  mud  to  harden  ere 
the  next  was  laid  down  upon  it. 

The  {losition  of  this  plant-bed  has  been  definitely  fixed  by 
Mr  Kirkby  having  identified  a  limestone  which  lies  a  few 
feet  below  it  aa  the  equivalent  of  one  which  occurs  at  Bellow 
Ness,  west  of  Anstrnther,  the  position  of  which  Mr  Kirkby 
has  found  by  actual  measurement  to  be  3135  feet  below  the 
St  Monans  Limestone^ — the  Fife  equivalent  of  the  Hurlet 
Limestone.  It  is  thus  certain  that  the  Eurypterids,  at  a  very 
early  period,  were  abroad  in  the  east  of  Fife  in  considerable 
numbers. 

From  the  foregoing  facts  the  following  conclusions  may  be 
safely  inferred  :— 

\st.  That  there  canuot  be  any  reasonable  doubt  that  indi- 
viduals of  the  family  of  Eurypterids  were  extremely  abundant 
during  the  Carboniferous  period  in  the  places  and  positions 
detailed. 

2d,  That  as  all  the  pieces  of  Eurypterid  skin  are  profusely 
sculptured  or,  more  correctly,  embossed  with  various  patterns 
representing  lozenges,  creecents,  round  dots,  crimpings  of 
the  skin,  or  projections  of  it  into  hair-like  bristles,  the  idea 
of  a  variety  of  species  is  suggested,  and  would  be  entertained 
were  we  sure  that  a  change  of  style  of  ornament  waa  not 
merely  indicative  of  different  parts  of  the  body  of  the  same 
individual  It  is,  therefore,  much  to  be  desired  that  a  whole 
Eurypterid  might  be  captured  anywhere,  and  the  ornament 
of  the  head,  the  body,  the  limbs,  or  the  tail  figured  and 
described,  so  that  we  might  kuow  whether  a  dilVerence  of 
pattern  waa  individual  or  specific.  Till  that  is  done  we 
must  content  ourselves  with  the  conjecture  tliat  variety  of 
design  may  mark  distinctions  of  species. 

'id.  From  the  almost  invariable  occurrence  of  Eurypterid 
with  scorpiou  remains,  showing  that  they  were  conipnniona 
in  life  as  they  are  now  neighbours  in  death,  we  may  infer 
there  was  not  in  Carboniferous  times  any  great  essential 
difference  in  their  economy  or  habits,  seeing  there  was  noue 
in  their  habitats.  In  some  localities,  such  aa  Uailes  and 
Kiugscavil,  the  conditions  indicate  burial  in  sediment,  but 
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tlio^u  of  Shear  Ituni  miJ  many  others  like  it,  especially 
thrjae  in  Jopjia  quarry,  where  the  remains  of  both  vere 
biiriuil  in  iliist  in  an  old  vegetable  soil,  we  are  forced  to  thiok 
of  both  as  breathers  of  air,  and  that  the  Carboniferons 
Kurj-ptcriiU,  hke  the  ancient  and  the  recent  scorpions,  were 
Arachiiida,  living  in  tlie  air  and  on  dry  land. 

4/A,  That,  as  a  rule,  the  pkcea  where  Eurypterids  onghl 
to  be  sou^'ht  are  plant-lieds  and  black  fakes,  and  that,  while 
the  latter  are  sure  to  yield  fragments,  in  the  former  whole 
Eurypterids  may  also  be  found — a  hint  by  which  I  hope  our 
friends  who  search  for  fossil  plants  may  profit,  and,  like  Mr 
Kidston,  give  us  the  benefit  of  their  finds,  by  getting  Mr 
Peach  to  descril>e  tliein  as  he  has  lately  so  admirably  done 
the  small  head  from  Itadstock. 

Adiiesda. — As  further  proofs  of  the  prevalence  of  Euryp- 
tcride  in  carboniferous  strata,  and  also  as  a  directory  to  those 
who  may  wish  to  search  for  Eurj-pterids,  I  may  here  give 
some  fugitive  occurrences  which  are  known  to  me  bam 
books  or  collections. 

1.  Emt  Kirkton  Qnnrry,  BriOujate. — The  original  locality 
from  which  the  specimen  described  by  Dr  Scouler  as  Eidothta 
was  obtainetl.  In  all  five  heads  are  said  to  have  been  got 
from  this  place.     {See  Hibbert's  paper  in   Traw.  Soy.  Soe. 
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basso-relievo  markings  on  adjoining  part,  exhibited  in  Museum 
of  Science  and  Art,  Edinburgh. 

6.  Shore  Wfst  of  Ihmlar. — In  red  and  green  shales  a  leg 
of  Eurypterid  was  found  by  the  Survey  collector.  In  collec- 
tion of  Geological  Survey  of  Scotland, 

7.  Several  narrow  body  segments  of  an  Eurypterid  in 
collection  of  R.  Dunlop,  Whiterigg,  obtained  from  the  Coal- 
measures  of  the  neighbourhood, 

8.  Hn.iles  Qunmj. — From  the  black  bituminous  shale  above 
the  sandstone,  obtained  by  Dr  Macfarlane  of  the  Botanic 
Gardens  during  the  last  tirring  of  that  shale  in  1878,  shown 
to  me  by  C.  W,  Peach,  to  whom  it  had  been  sent  for  deter- 
mination. 

9.  Left  Bank  of  the  Water  of  Leith,  between  RedkaU  Mill 
«7trf  Colintov.  Tunml  in  the  cutting  of  Balerno  Railway. — A 
large  piece  of  Eurypterid  skin  was  found  by  the  Survey 
collector.  It  was  remarkable  from  spine-like  projections  all 
over  the  surface.     Collection  of  the  Survey  of  Scotland. 

10.  Shore  at  Metkil,  Fife. — A  small  portion  of  Eurypterid 
found  by  J,  W.  Kirkby,  and  determined  by  Dr  Woodward. 
Obtained  from  the  red  beds  above  the  Coal-measures  of  Fife. 
This  is  the  highest  position  in  which  Eurypterid  remains 
have  been  found  in  Scotland. 

]  1,  Fragments  of  Eurypterid  described  by  Sir  W.  Dawson 
as  the  akin  of  one  of  the  reptiles  whose  bones  and  teeth  were 
found  in  a  tree-stump — shown  by  Mr  Peach  to  be  Eurypterid 
at  page  443  of  this  volume. 

12.  Calderwood  Cement  Stone,  Hast  Kilbride. — Piece  of 
Eurypterid  skin  well  marked,  with  embossed  crescents. 
Collection  of  J.  Coutts,  now  in  Museum  of  Science  and  Art, 
Edinbui^h. 

13.  Banks  of  the  River  Tweed  at  Lennel  Braes. — Portion  of 
Eurypterid  skin  described  and  figured  by  Mr  Peach  in 
Trans.  Roy,  Soc.  Edinb.,  xxx.,  523. 

14.  Hunierian  Museum  College,  Olasgow. — Several  pieces 
of  Eurypterid  skin  from  Kimmerghame  Quarry,  Berwickshire, 
presented  by  Mr  Stevenson  of  Duns ;  probably  parts  of 
E.  SlevensoniL 
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XL.  On  tin-  t'i-ii<:lijknli'in  of  two  Coal-meaaare  Ferns.  By 
UoBor  KiusTos,  F.IJ.S.E.,  F.G.S.     [Plate  XXI.] 

(Rciht  18th  ApH)  I8Sa.1 

C'Hii^oTiiECA,  Zeiller,  1883. 

Cnuolkeot,  Keiller,  Adii.  •!.  &:.  Nat-,  S"  but.,  Hot,  vol.  ivi.,  t>.  lao  ;  iil., 
Plure  fiMii.  il.  IiaHHiu  houil.  d.  V*Uni'i<!iiu«B,  p.  S3,  %  21. 

Sumheeti,  Star,  Zur  Moq.li.  n.  8ygt.  d.  Culm-  u.  Carbon- Fkhif,  p.  ITS  ;  iJ,, 
Ciiriioii-Fton,  i.,  p.  273. 

Senclailas,  L«i«|unvni  (in  part),  Coal  Flon,  vol.  i.,  p.  S27. 

Dearription. — Fertile  aii>l  barran  pinnules  dissimilar,  the 
fertile  pinnules  haviny  the  limb  much  reduced.  Sporangia 
exaiinukte,  tapering  bu  a  point  iit  the  apex,  contiguous,  more 
or  less  united  ainoni^  theiusulvc^,  and  suspended  like  a  fringe 
from  the  margin  of  the  fertile  pinnule. 

Jifmarks. — This  genus  has  been  described  and  illastrated 
by  Zeiller  in  the  Ann.  d.  Sc  Nnt.  (/.  c.)  and  in  his  "  Flore 
foss.  d.  bassin  houil.  d.  A'alenciennes."  In  this  latter  work 
lie  ^ives  additional  and  fuller  figures  of  Croaaotheca  Crtpini, 
Zeiller,'  the  type  of  the  genus,  and  also  figures  a  second 
Bpeeies,  Cros^thera  Boiilnyi,  Zeiller* 

The  name  of  Sorothcca  has  been  applied  to  the  same  plants 
by  Stur ;   but  his  paper  containing  the  description  of  liis 
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in  the  direction  of  their  axis.  The  sporangia  are  placeil 
close  together,  and  it  is  difticutt  to  determine  whether  they 
are  iree  or  united  to  each  other.  According  to  Zeiller  they 
appear  to  be  united  in  pairs  or  perhaps  in  fours  at  the 
extremities  of  veius  which  are  given  off  from  a  awelUng  of 
the  pedicel  that  terminates  in  a  tliickeniog  in  the  centre  of 
the  fertile  pinnule. 

It  should  be  mentioned  that  what  are  here  treated  as 
e^cannulate  sporangia  are  regarded  by  Stur  as  portions  of  an 
indusium  which  has  burst  at  rautarity  into  valves.  This 
view,  however,  appears  to  be  entirely  at  variance  with  the 
structure  of  the  oi^ans  under  consideration. 

Among  fossil  genera  Crossolheca  approaches  most  closely 
to  Calymmatotkeca ;  but  in  the  latter  genus  the  sporangia 
are  not  attached  around  the  margin  of  a  prominent  disc,  nor 
are  they  so  fully  united  to  each  other.  In  Culymmntotheca 
the  branches  hearing  them  are  also  entirely  deprived  of 
foliage -pinnules,  and  ramify  by  a  series  of  dichotooiies  ;  ami, 
as  far  as  observation  has  shown,  the  fruiting  pinnse  are  only 
borne  at  the  base  of  the  frond. 


Crossolheca  fimhriata,  Kidston,  n.  s. 
CPL  XXL.  Figs.  1-8.) 

Description. — Frond  tripinnate,  pinnae  deltoid, subalteiiiate. 
FertUe  and  barren  pinuie  dissimilar.  Fertile  pinnules  simple, 
with  the  limb  much  modified  ;  sporangia  exaunulate,  linear, 
numerous,  united  to  each  other  and  suspended  from  a  central 
disk,  which  is  borne  at  the  summit  of  a  slender  pedicel, 
llarren  pinnules  divided  into  from  two  to  seven  single- 
veined,  simple  or  bifid,  linear  segments,  according  to  their 
position  on  the  pinna. 

liemarks, — The  specimens  of  Crossolheca  Jimh-iaia  wliicli  I 
have  the  pleasure  of  describing  were  communicated  to  me  by 
Mr  Walter  Hemingway,  to  whom  my  thanks  are  due  for 
the  opportunity  of  examining  this  interesting  addition  to  the 
Coal-measure  Hora  of  Britain. 

Figs.  1-3  show  portions  of  what  are  probably  primary 
pinnie ;  at  the  right  of  the  pinna  in  fig.  1  is  a  small  fragment 
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of  a  mchis,  to  which  probably  the  fruiting  pinna  was 
attached. 

The  sporanf^ia  are  borne  as  a  fringe  at  the  margin  of  what 
appears  to  have  been  an  oval  disk.  This  disk  and,  more 
[)articularly,  the  sporangia  appear  to  have  possessed  a  con- 
siderable thickness  of  tissue,  which  contrasts  markedly  with 
the  delicate  structure  of  the  barren  pinnales.  The  sporangia 
are  converted  into  a  bright,  brittle,  carbonaceous  substance, 
so  that  in  splitting  the  stone  in  almost  all  cases  they  are 
more  or  less  fractured ;  and,  further,  in  no  case  where  they 
are  at  all  well  preserved  have  I  been  able  to  discover  a 
completo  fruiting  pinnule,  one-half  of  each  pinnule  having 
apinreutly  adhered  to  each  side  of  the  matrix  when  the  stone 
was  split.  Thus  there  is  only  one-half  of  the  disk  with  its 
surrounding  fringe  of  sporangia  shown  on  the  fossils  and 
their  counterparts  respectively. 

Figs.  4  and  5  represent  each  two  fruiting  pinnules,  mi- 
nified six  and  a  half  times.  These  figures  are  drawn  under 
tho  microscope  with  the  camera  lucida,  and  every  endeavour 
lias  been  taken  to  avoid  any  "  restoration ; "  so  that  those 
who  cannot  sec  the  originals  may  form  their  own  conclusions 
from  the  drawings. 

Fig.  4  is  an  enlargement  of  the  two  fruiting  pinnules 
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pe/feite  attachment  of  the  fniiting  pinnules  to  the  pedicels  is 
therefore  probably  caused  by  the  pinnule  lijinff  v.pim  the 
pedicel  and  concealing  the  upper  part  of  it. 

Fig.  5  exhibits  very  much  the  same  characters  as  fig.  4, 

Fig.  6  shows  four  sporangia,  enlarged  eighteen  times.  The 
form  of  the  sporangia  is  better  shown  here  than  in  the 
previous  figures.  This  figure  is  part  of  the  fruiting  pinnule 
marked  6  in  fig.  1.  The  sporangia  are  linear  and  apparently 
blunt-pointed,  as  shown  by  that  to  the  left;  the  other  three 
are  probably  broken  over  at  their  apices.  They  all  show, 
especially  those  to  the  left,  an  apparent  basal  contraction 
which  ends  in  a  short  pedicel.  The  sporangia  are  clearly 
united  to  each  other  and  only  free  at  the  apex.  For  the 
purpose  of  comparison  I  have  given  a  copy  of  a  fruiting 
pinnule  of  Crosaotheea  Crepini,  as  figured  by  ZeiUer  (flg.  9). 

The  barren  pinnules  of  Groasotheca  jimhriata  are  of  very 
delicate  texture,  and  though  they  frequently  occur  on  this 
same  slabs  as  the  fruiting  specinjens  tliey  are  seldom  well 
preserved.  Two  fragments  are  shown  in  figs.  7  and  8, 
Barren  pinnse  have  been  observed  attached  to  the  same 
r&chis  as  the  fruiting  pinnie,  and  in  one  case  one  of  these 
fruiting  pinnaj  has  a  few  barren  pinnules  interspersed  with 
the  fruiting  ones. 

Crossotheca  Jimhriaia  in  the  barren  condition  seeroa  un- 
distinguishable  from  Calymmatotheca,  schaldarmm,  Stur.' 
The  figures  given  by  Stur  are  somewhat  indistinct,  especially 
that  showing  the  fruit  of  his  fern  (fig.  2),  from  which  really 
nothing  can  be  learnt  of  the  form  nud  structure  of  the  fructi- 
fication. In  his  description  he  refers  to  the  imperfect 
preservation  of  the  fniit  of  his  specimen,  but  among  other 
remarks  mentions  that  the  fruit  contains  four  or  five  sporangia 
(valves  (Klappen)  of  an  indusium  according  to  Stur),  which 
are  directed  downwards  and  only  free  at  tlieir  upper  part, 
that  the  upward  directed  portion  of  the  fructification  to  which 
the  supporting  stalk  is  attached  is  convex,  and  that  the  fruit 
is  2-3  millim.  long  and  1-2-1-4  millim.  broad.  Notwith- 
standing the  somewhat  imperfect  condition  in  which  the 
fruit  is  said  to  be,  a  very  distinct  woodcut  of  the  same  is 


,  p.  255,  [il. 
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given  on  p.  238,  fig.  40.  Accepting,  then,  tliia  figure  and 
description  aa  correct,  Crauatkeca  fimbriata  is  essentially 
distinct  from  Cali/mmalolheca  schaizUiretuu,  Stur.  In  Cnao- 
theea  Jimbriata  tlie  aynangia  are  broader  than  long,  having  a 
breadth  of  from  3-4  millim.  and  a  length  of  about  2  millini. 
in  the  compressed  condition.  Again,  in  OrotaoHuea  fimMata 
the  sporangia  are  numerous,  narrow,  oblong,  or  linear,  and 
are  anited  to  each  other  throu^'hout  almost  the  whole  of 
their  length,  The  frnctificBtion  of  the  two  species  is  there- 
fore altogether  dissimilar,  It  is  possible  that  the  specimens 
examined  by  Dr  Stur  were  not  so  fully  developed  as  those 
figured  by  me,  for  on  some  of  the  small  slabs  from  Yorkshire, 
on  which  the  fruit  appears  to  be  younger  and  scarcely  so 
well  preserved  as  in  the  specimens  I  have  figured,  the  entire 
synangium  is  oval  and  but  little  broader  than  long,  and  in 
this  condition  it  has  a  much  closer  approach  in  general 
appearance  to  fig.  40  given  by  Stur  on  p.  238  of  his  "  Carbon- 
Flora  "  than  to  those  given  on  my  plate. 

The  aftinities  of  Crosiotheca  _fimbriata  are  clearly  Maratii' 
aceous.  In  the  union  of  the  sporangia  to  each  other,  tlieir 
attacliment  to  an  oval  (or  circular)  disk,  and  in  Uieir  forming 
a  cup-like  synangium,  they  have  a  considerable  similarity  to 
the  synangia  of  Katd/ussta,  Blume;  but  in  Kanl/uatui  the 
svnatiijiii  aio  s;:attfci'cil  on  the  back  of  the  IVoiid. 
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In  lUnauUia,  to  whicli  (Jydolktca  has  also  some  aftinity  in 
the  structure  of  Uie  Eporaugiii,  the  sporangia  are  situated  at 
the  exti'emities  of  the  veins  either  singly  or  in  groups  of 
from  two  to  five.  Cydotkeca  differs  from  both  these  genera 
lu  the  aporangia,  being  circular  aud  arranged  in  two  parallel 
rows — probably  one  row  was  situated  on  each  aide  of  the 
midrib  of  the  fruiting  pinnule, 

Cyelotheca  belongs  to  the  Maraltiaceje,  and  is  more  closely 
related  by  the  structure  of  its  sporangia  to  Anyioplsris  than 
to  uuy  other  recent  genus. 

Cyc/oi/tcca  biserUUa,  Kiiiaton,  n,  s, 
(PI.  XXI.,  figs.  10-12.) 

Deeirription. — Characters  of  genus.  The  sporangia  measure 
■50  millim.  in  diameter,  and  their  walls  are  composed  of  smalt 
cells  nut  elongated  mure  in  one  direction  than  the  other. 

Beviarks. — This  siiecies  is  founded  on  a  single  specimen 
which  was  collected  by  Mr  P.  Jack  near  BaiUieston.  Fig. 
10  shows  the  fosail,  natural  size.  It  couaista  of  several 
pinnae  lying  on  each  aide  of  the  rachis,  of  which  a  small 
fragment  is  shown  towards  the  centre  of  the  figure,  Willi 
the  exception  of  this  fragment  of  rachis  there  is  nothing 
preserved  in  the  fossil  but  the  parallel  rows  of  sporangia. 
These  are  well  preserved  and  shown  at  fig.  11,  magnified  six 
and  a  half  times.  At  fig,  12  are  given  four  sporangia, 
magnified  twenty  times.  Although  no  trace  of  a  midrib  is 
shown,  one  probably  lay  between  the  parallel  rows  of 
sporangia. 

The  small  specimens  originally  figured  by  Lesquereux  as 
St»phyliij)teris  astcroules^  probably  belong  to  the  genua 
Cyelotheca. 

It  is  impossible  to  eay  to  which  fern  the  Baillieston 
fructification  belongs.  As  the  fruiting  portion  of  ferns  often 
assumes  an  outline  so  entirely  difi'erent  from  that  of  the  barren 
condition,  I  refrain  from  any  suggestion  upon  this  point, 

Locality. — Ellismuir,  ISoillieston,  Lanarkshire. 

Horizon. — Lower  Coal-measures:  shales  above  the  "  Kil- 
longue  "  Coal. 

'  Rq..  GooL  Siirviy  of  llliii.,  vol  It.,  ].1.  xiv,,  figa.  8  10. 
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Note. — Siuce  this  paper  wa8  put  into  type  I  have  been 
favoured  by  my  friend,  M.  Crepin,  Director  of  the  State 
Itotanicnl  Gaixlens,  Brussels,  with  two  fruiting  specimens  of 
Caiymmatotheea  sffuttzlarensis,  Stur,  from  one  of  the  original 
localities  —  CharbouDage  de  I'Agrappe,  Framerier  (Fosse 
Uraud  Trait),  llcliiium.  With  these  I  have  compared  the 
Yorkshire  examples,  and  find  that  the  plant  I  had  named 
Croaaotheca  fimhriata  is  the  Calt/mmatotkeca  Khaidarensxs, 
Htur,  The  woodcut  given  by  Stur  of  the  fruit  of  his  fern 
{I.  c,  p.  238,  fig.  40)  is  therefore  quite  misleading,  and  does 
not  at  all  represent  the  fruit  of  the  plant  from  the  same 
locality  which  lias  been  forwarded  to  me  by  Mons.  Crepin 
under  Slur's  name.  In  fact  the  description  Stur  gives  of 
his  admittedly  badly  preserved  fruit  leads  one  to  inquire 
wlicnce  the  evidence  has  come  for  the  creation  of  his  fig.  40. 

The  fossil  remains,  however,  in  the  genus  Crossotkeca,  but 
under  tlie  namu  of  C'rossotkeca  schatzlarensU,  Stur,  sp. 

EXI'LAXATIOX   OF  TL-VTE. 

C'.'ui«M.ra  J!,„b.ial.i,  Ki.Utuu. 
Y'tgi.  1-3.  FriiitiiiK  |>iiii]ii>. 
Vi^fH.  i  aiiJ  h.  Syimii)t>*,  eiiUrKeii  fi\  tjiiira. 
V'in.  6.   rortiiiii  of  ft  Syntii;duiii,  fuliirKVil  IS  timiM. 
Kif,«.  7  ami  8.  Fnigmi-nts  ofbamjii  iiiiina.-. 
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a  few  othei'  localities,  this  feia  is  oue  of  the  most  character- 
istic foBsila. 

In  1858  ^  Mr  W.  H.  Baily,  in  describing  the  fructification 
of  Archaopteria  hiberniva,  Forbes,  sp.,  said  that  "  one  of  the 
fertile  pinnulea  of  a  specimen  showed  the  spores  were 
aggregated  into  clusters  of  son,  and  that  the  iuduaiuni  or 
protecting  cover  had  been  but  little  broken  up.  A  fertile 
pinnule  from  another  specimen,  liowever,  uppfored  to  be 
in  a  more  advanced  stage,  losing  in  a  great  measure  the 
aggregated  character  of  the  sori,  and  showing  the  protecUug 
cases  (which  were  granulated)  to  be  much  disturbed. 

"  Other  specimens  in  the  collection  were  alluded  to,  one 
of  which,  with  a  length  of  16  inches,  had  12  pinnules  on 
each  side  of  the  rachis  in  full  fructification  without  any 
appearance  of  leaflets,  the  spore-cases  beiug  scattered  in  all 
directions;  another  of  the  same  length  had  about  twenty 
pinnules  on  each  side,  the  lower  ones  being  in  full  fructifica- 
tion, which  decreased  gi-adually  towards  the  upper  portion  of 
the  frond,  the  leaflets  taking  its  place." 

At  the  same  time  Mr  Baily  exhibited  a  diagram  illustrating 
"  what  was  considered  to  be  the  base  of  the  stem  or  rhizoniu, 
having  a  rounded  expansion,  apparently  separating  into 
scales  which  continued  upwards,  fragments  of  leaflets  being 
attached  to  the  stem  at  difl'erent  intervala" 

Schimper,  in  1869.*  figured  and  described  Cydopierii 
kibemica,  Forbes,  under  the  name  of  Palocopteris  hibtmicn. 
In  describing  the  fruiting  pinnules  he  says:  "These  have 
undergone  a  complete  metamorphosis,  and  are  transformed 
into  groups  iu  which  all  foliar  expansion  has  entirely 
disappeared,  and  which  show  a  principal  rachis  not  at  all 
represented  iu  the  sterile  pinnules  which  ai'e  destitute  of  a 
medial  nerve."  He  also  describes  the  sporangia  as  clavate 
costate  {"  Boris  (aporaugiis  ?)  coatulatis ").  He  gives  an 
enlarged  drawing  of  the  sporangia  at  pi.  xxxvi.,  fig.  4. 

More  recently  Mr  Carruthers  redescribed  the  fruit  of  this 
fern.'     Among  other  things  he  says: — "In  some  specimeus 

'  Brit.  Abboc,  Report,  1858,  p.  76. 

'  T»iU  d.  pttl^iit.  vig^t.,  vol.  i..  p.  476,  pi.  xxxvi. 

>  Oeol.  Mag,,  vol,  ii.,  Ho.  2,  Fi'b.  lS7a. 
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in  tliG  Itritish  Museum  all  the  lower  pinnae  are  entirely 
fcriilc.  I  ftm  satisfied  that  the  ovate-obloDg  Bori  are 
Reiiemlly  Bingle,  and  not  clustered,  and  are  two-lipped,  the 
slit  [Kissing  one-thirt!  of  the  way  down  the  soma.  The  vein 
is  continued  aa  a  free  i-eceptacle  in  the  centre  of  the  cup  or 
cyst,  as  in  cxistintr  Hymtnophyllea,  in  which  it  is  included, 
not  rcftchinn  beyond  the  entire  portion.  In  some  specimens 
the  receptacle  is  broad  or  tliick,  indicating  the  presence 
of  something  besides  itself  in  the  cup,  and  giving  the 
appearance  that  would  be  produced  if  it  were  covered  with 
s{)onin<;ifl ;  I  cannot,  however,  detect  any  indication  on  the 
outer  surface  which  might  have  been  expected  from  the 
individual  s]>omngia  Tlie  compression  of  the  specimens  in 
the  rock,  which  has  made  the  free  receptacle  appear  like  a 
vein  on  the  wall  of  the  cup,  together  with  the  highly  altered 
condition  of  the  rock  in  which  the  fossils  are  contained, 
account  for  the  imperfect  preservation  of  the  minute  structures. 

"  The  interpretation  which  I  have  here  given  of  the 
fructilicatiun  of  this  interesting  fossil  exhibits  so  close 
a  resemblance  to  what  we  find  in  the  living  genus 
IfipticnophyUiim  that,  were  it  not  for  the  vegetative  portions, 
I  would  without  hesitation  place  it  in  that  genua." 

l^ri'pin,*  in  1874,  figured  and  described  some  specimens  of 
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CyclopUrishibemica  and  its  generic  associates,  as  Pala:i^leris, 
Schiraper,  is  inadmissible,  the  name  having  been  previously 
used  by  Geinitz  for  a  different  group  of  plants. 

Among  the  Ciinadian  species  described  by  Dawson  Uie 
point  of  chief  interest  to  lis  is  the  ligure  and  description  of 
the  fruit  of  Archccopteri^  gitspiensis,  a  very  closely  allied 
species,  if  really  distinct  from  Archceopteris  hihernim.,  Forbes, 
sp.  His  description  of  the  fruit  is  as  follows: — "Fertile 
pianre  with  about  twelve  pinnules,  each  liaving  a  long  mid- 
rib with  about  seven  pairs  of  crowded  oblong  spore-cases 
about  3  niillini,  in  length,  pointed  or  somewhat  obtuse  at 
top,  straight  at  the  sides,  and  apparently  dehiscent  at  the 
apex.  The  midrib  projects  some  distance  beyond  the  spore- 
cases."  It  is  further  mentioned  that  Arc/ueop/eris  gaspieTtsU 
"differs  from  A.  hihemica  in  the  amingeinent  and  form  of 
the  spore-cases  and  in  its  shorter  pinaEe,  with  fewer  and  less 
obtuse  pinnules." ' 

Since  eKaniining  the  specimens  of  Archaj^plcris  kihernica 
in  the  British  Museum,  I  have  doubted  the  accuracy  of  the 
description  of  the  fruit  of  this  fern  as  given  by  Schimper 
and  Carruthers,  but  refrained  from  expressing  any  opinion 
till  I  had  an  opportunity  of  examining  the  specimens  of  this 
plant  in  the  collections  of  the  Science  and  Art  Museum, 
Dublin,  and  of  the  Geological  Survey  of  Ireland.  I  have 
now  examined  these  specimens,  and  feel  convinced  that  the 
description  of  the  fruit  as  given  by  Schimper  and  C'arruthers 
is  iDaccurate.  I  have  entirely  failed  to  observe  the  presence 
of  a  keel  on  the  sporangia,  as  figured  by  Schimper,  or  the 
occurrence  of  a  "slit  passing  one-third  of  the  way  down  the 
Horus,"  or  any  of  the  other  Hymen ophyllaceous  character 
mentioned  by  Mr  Carruthers.  The  sporangia  (so  far  as  my 
observations  have  gone,  and  I  have  examined  minutely  Uio 
specimens  in  the  British  Museum,  as  well  as  those  in  the 
two  collections  in  Dublin,  the  finest  of  which  are  in  the 
collection  of  the  Geological  Survey  of  Ireland.)  are  narrow- 
oval,  sessile,  or  very  shortly  stalked,  as  a  rule  pointed  at 
both  extremities,  though  occasionally  blunt ;  tliey  are  usually 
developed  singly,  though  occasionally  in  pairs,  and  are 
'  DiiWM-ii.  I.  c,  p.  BO. 
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npiiareiitly  produced  on  Uie  upperside  of  the  rachis-like  vein 
of  tliG  very  much  metamorphosed  pinnules,  which  in  this 
case  almost  assume  the  structure  of  pinnre,  though  their 
being  only  moditied  pinnules  is  proved  by  their  poaition  and 
by  tiie  occasional  occurrence  of  a  few  sporangia  on  the 
margin  of  some  of  the  foliage-pinnules,  which,  in  the  few 
such  cases  observed,  had  undergone  but  little  reduction  in 
the  limb  of  the  pinnule.  A  similar  production  of  sporangia 
on  the  incompletely  modified  foliage-pinnules  is  not  un- 
common in  Osmunda  regalia.  The  fruiting-pinnules  end  in 
several  simple  or  divided  thrend-like  filaments.  The  fruit 
appears  to  consist  of  exannulate  ManUtiaceom  sporangia. 

Another  interesting  point  was  observed  on  some  of  the 
specimens  in  the  collection  of  the  Geological  Survey  of 
Ireland.  This  had  evidently  been  noticed  by  Mr  Baily, 
though  its  importance  was  not  fully  appreciated,  and  is 
referred  to  by  him  as  a  rounded  expansion  of  the  base  of  the 
stem,  which  apparently  separated  into  scales.  Mr  Camithers, 
evidontly  referring  to  the  same  structure,  says,  "The  stipes 
were  thick,  of  considerable  length,  and  clothed  with  large 
scales,  which  formed  a  dense  covering  at  the  enlarged  base."  ' 

Tlie  structures  here  alluded  to  are  two  lai^e  stipules,  one 
on  each  side  of  the  base  of  the  rachis,  and  on  some  of  the 


I 


Eiisearclt  Liiboralori/  of  the  Royd  Colk;ie  of  Physieianti.  621 

remain  the  siighteat  doubt  in  my  mind  that  the  true  position 
of  Arehaopteris  hihemica  is  in  the  Marattiaceie, 

In  concliiniou,  I  have  to  express  my  thanks  to  Dr  A. 
Geikie  and  Prof.  Ball  for  all  the  facilities  they  kindly  gave 
me  for  examining  the  specimens  in  the  respective  collections 
of  the  Geological  Survey  of  Ireland  and  in  the  Science  and 
Art  Museum,  Dublin. 


XLII.  Notrsnn  tke  Eqnipmeni  of  the  Iksmr^Ji  Laboratory  of  the 
Hoijal  College  of  Phj/sicians,  Edinburgh.  By  G.  SiMS 
WooDHEAD,  Esq.,  M.D.,  F.R.C.P.Ed.,  KR-S-E. 

The  question  of  equipping  a  Research  Laboratory  has,  for 
the  past  three  years,  occupied  a  very  prominent  position  in 
the  discussions  of  the  Royal  College  of  Physicians,  Edinburgh, 
but  it  was  only  last  year  tliat  the  Committee  appointed  by 
the  College  was  able  to  throw  the  plana  into  a  shape  feasible, 
and  at  the  same  time  thoroughly  acceptable. 

Wlien  the  matter  had  been  taken  in  hand,  the  Committee, 
with  Dr  J.  Batty  Tuke  aa  Convener,  entered  into  the  scheme 
with  great  energy  and  thoroughness,  and  within  a  very 
short  time  suitable  premises  were  acquired,  the  necessary 
structural  alterations  were  commenced  at  once,  a  Superin- 
tendent was  appointed,  apparatus  was  ordered,  and  littings 
wore  put  in  hand  to  be  ready  for  use  as  soon  as  the  building 
should  be  prepared  for  their  reception. 

The  premises  are  well  adapted  to  the  purpose  for  which 
they  were  acquired.  They  consist  of  a  three-storied  house. 
No.  7  Lauriston  Lane,  near  the  Royal  Infirmary,  to  which 
had  been  added  a  lai^e  detached  room.  There  are  also 
commodious  outhouses,  and  a  plot  of  ground  of  considerable 
size  at  the  rear  of  the  building. 

Commencing  on  the  ground  floor  we  first  come  to  the 
room  in  a  back  court,  set  apart  for  experimental  Physio- 
logy, 32  feet  in  length,  18  feet  in  breadth,  and  14  feet 
high.     It  is  well  liglited   by  7    windows,  three  of  which. 


Fig.  ii, 

motor  used  for  driving  light  (1  in.)  spindle  BliafUiig,  which  I 
is   fixed   to   the   wall   by  six    brackets    placed   above   tbe 
windows  and  doorway.     From  thia,  recoiding  appaialus  may 
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be  driven  at  any  part  of  tLe  room  at  3G0  different  speeds. 
The  nortlierii  end  of  the  room  is  occupied  by  a  large 
cabinet,  in  which  are  stored  the  various  pieces  of  apparatus. 
Near  the  south  end  is  a  stone  pillar  bedded  in  the 
ground,  so  arranged  as  not  to  be  afl'ected  by  movements  in 
the  room.  There  being  no  thoroughfare  in  the  lane,  no  dis- 
tnrlmnce  can  arise  from  wheel  traffic.  Around  the  pillar  is 
lived  a  table  to  which  the  galvanometer  wires  are  attached. 
The  galvanometer  is  placed  on  the  stone  pillar  in  a  glass  case 
with  a  hinged  door,  and  is  always  kept  ready  for  use,  short 
wires  beinij  carried  from  the  table  to  the  instniment.     A 


I 


Fig.  3. 
(a)    Drum  j    (b)    tami  bearing-point ;    (p)    toothod    vVevI  ;    {'')    rnarse 
worm  ;  (e)  liner  worm ;  (/)  driving  [mlleT, 

hinged^Iamp  table,  and  brass  rods  over  which  curtains  are 
hung,  complete  the  galvanometer  fittings.  Work  tables 
occupy  the  remainder  of  the  centre  of  the  room. 

The  recording  drum  (Fig.  3)  designed  by  Ifv  Milne  Murray, 
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and  tnaile  by  Hume,  Edinburgh,  is  a  modification  of  the  worm 
screw  form.  On  the  spindle  driven  by  the  polleya  (/)  are  two 
worm  threads,  a  coarse  one  (d)  and  a  finer  one  (e).  On  the  dmm 
spindle  are  two  wbeeh  (c),  one  with  large,  the  other  with 
smaller  cogs,  corresponding  in  size  with  the  worros  on  the 
difTerent  sections  of  the  sptndla  The  upper  wheel  with  the 
fine  teeth  is  driven  by  the  fine  worm  which  is  placed  Dearer 
the  driving  pulley ;  the  lower  wheel,  smaller  in  diameter,  is 
driven  by  the  coarse  worm,  placed  at  the  end  of  the  screw. 
In  order  to  obtain  the  different  rates  of  speed  from  these. 
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which  a  cone  covered  with  leather  is  attached  to  the  loose 
wheel;  the  fixed  wheel  is  bored  and  lined  with  leather  to 
receive  this  cone. 

Another  form  of  clutch  designed  for  me  by  Mr  James 
Eitchie,  Jun.,  of  Etlinburgh,  is  one  in  which  there  is  a  fast  drum 
(a)  grooved  to  caiTy  the  cord  running  from  the  shaft  (Fif^,  5), 
Kunning  on  the  spindle  to  which  this  drum  is  fixed,  is  a 
loose  three-speed  cone  pulley  (6)  with  a  groove  and  clutch  {<?). 
Between  the  loose  pulley  and  the  fixed  drum  is  a  i'riction 
clutcli  consisting  of  three  straight  pieces  of  metal,  wliich 
when  out  of  gear  are  so  arranged  as  to  form  a  small  arc  of  a 
circle.  By  pushing  in  the  middle  one  of  these  the  arc  is 
straightened  out,  and  the  outer  extremities  of  the  two  end 
pieces  are  pressed  into  a  gi'oove  running  round  the  inside  of 
the  fixed  drum.  In  order  to  fix  the  clutch,  the  centre  piece 
is  simply  made  to  pass  the  perpendicular ;  there  is  no  spring 
except  that  in  the  metal  of  the  rim  of  the  drum.  The  clutch 
never  fails,  works  noiselessly  and  without  the  slightest  loss 
of  time. 

Electrical,  time-marking,  and  other  apparatus,  tuning-forks, 
perfusion  apparatus,  shunts,  compensators,  etc.,  constitute 
the  greater  part  of  the  instruments  in  this  room.  Marriott's 
arrangement  for  obtaining  regular  pressure  for  injecting  and 
other  purposes,  is  hung  from  the  roof  at  two  points. 

At  each  window  table  on  the  west  side  is  a  bell  jar,  used 
for  protecting  tlie  microscope  from  dust.  This  is  counter- 
balanced by  a  weight  which  runs  on  a  brass  guiding-rod,  so 
that  there  is  no  danger  of  breakage  to  the  window  through 
swinging  of  the  weiglit.  When  not  in  use  the  bell  jar  is 
drawn  up  ont  of  the  way  towards  the  ceiling.  Such  an 
ari-angement  economises  room  and  prevents  breakages. 

On  each  microscope  table,  which  is  painted  black  and 
hard  varnished,  a  white  band  about  four  inches  broad  is 
painted,  four  inches  from  the  edge  of  the  table.  Some  of 
the  tables  instead  of  being  varnished  are  covered  with  plate 
glass,  painted  as  above  on  the  under  surface,  and  embedded 
in  felt.  On  these  glass-covered  tables  the  microscope  stands 
on  a  felt  circle,  to  diminish  the  risk  of  breakage  when  the 
bell  jiir  is  lowei-ed  over  the  microscope. 
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The  3iuk  and  draiuiug  apparatus  in  thia  room  may  be 
taken  as  a  type  of  those  throughout  the  whole  building.  It 
consists  of  a.  large  earthenware  sink,  on  one  side  of  which 
is  a  grooved  drainiog  board  covered  with  lead,  the  grooves 
all  leading  to  the  sink.  A  swan-neck  tap  supplies  the 
water.  To  this  tap  are  two  noszles,  to  one  of  which  is 
wired  a  piece  of  india-rubber  tubing,  used  to  coaaect  the 
Ueiasler  exhaust  pump,  etc. ;  the  other  nozzle  gives  a  steady 
uabroken  jet  of  water  %  in.  iu  diameter. 

The  wall  behind  the  sink  is  leaded  for  about  three  feet 
up;  against  this  are  fixed  a  couple  of  ebelves,  the  upper 
one  perforated  for  draining  Dasks  and  bottles,  the  lower 
one  grooved  and  with  a  gentle  slope  to  carry  all  droppings 
to  the  sink.  Below  these  shelves  are  a  couple  of  rows  of 
wooden  i>egB,  fixed  into  the  wall  at  an  angle  of  45°.  The»e 
arc  very  useful  for  draining  all  kinds  of  glass  apparatus. 

In  the  main  building  in  the  lower  flat  is  a  large  entmuce 
l.»bby  (?!■•.  Ij),  to  the  left  of  which  is  a  part  of  the  Laboratory 


Jieiearck  Luhoratoi-y  of  Ike  Uoyai  Culla/e  of  r/iysicians.  527 

plate,  so  that  after  a  few  sections  have  been  made,  the  plate 
with  the  piece  ol"  tissue  may  be  removed  and  put  aside  until 
again  required.  There  has  also  been  added  a  tin  box  about 
four  inches  deep,  with  a  bottom  an  ineh  from  the  lower 
margin  of  the  sides;  this  box  tits  over  the  second  plate.  It 
is  provided  with  a  lid,  has  the  bottom  slopint;  lo  one  end, 
and  has  an  outlet  pipe,  to  which  a  piece  of  india-rubber 
tubing  may  be  attached.  It  is  filled  with  ice  and  salt 
freezing  mixture,  and  its  use  greatly  hastens  the  freezing 
uf  the  mass  of  tissue  to  be  cut. 

On  the  second  Hut,  three  of  the  five  rooms  are  occupied 
by  the  Laboratory  Assistant.  Of  tie  others,  a  large  room  is 
set  apart  for  Committee  Meetings,  and  is  used  as  a  Library 
and   Museum.     It   is   also  litted  with  an  Oertling's  short 
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beam  balance,  supported  on  a  solid  iron  bmclict  let  into 
the  wall. 

A  certificated  barometer  graduated  in  inches  and 
niillimetrea,  and  a  thermometer  with  Centigrade  and  Fah- 
renheit scales,  are  placed  here  for  temperature  and  pressure 
cori'ections. 

There  is  also  a  large  spectroscope  made  by  the  Cambrid<ie 
Scientitic  Instrument  Company,  with  Steinlieil's  prisms.  It 
is  protected  when  not  in  use  by  a  glass  case,  counterbalanced 
in  the  same  way  as  are  the  bell  jars  at  the  microscope 
windows. 

A  museum  case,  book  shelves,  and  writing  tables  complete 
the  fittings  in  this  room. 

The  tifth  room  on  this  fhit  is  the  Siipuriuteudeut's  private 
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room,  where  the  ndniiiii&trative  work  of  the  Laboratory  is 
carried  on. 

On  the  next  landing  are  six  rooms ;  the  first  of  these,  a 
small  one,  is  used  as  a  still  room;  the  still  is  connected 
wit)i  the  water  pipe  and  is  self-feeding,  so  that  to  obtain 
a  supply  of  distilled  water  all  that  is  necessary  ia  to  turn  on 
tho  tap  and  light  the  buiisen  burner. 

A  second  room — the  chemical  room — is  fitted  with  a  good 
snpply  of  water  and  gas.  There  are  eight  water  taps  in  the 
Riiim,  seven  of  whicli  are  swan-necked  with  the  donble  uozzle 
already  described.    Two  ends  of  the  room  and  the  evapor- 
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one  end  and  opening  into  the  chamber,  resting  on  the  stone 
slab  continued  outside  the  chamber,  is  one  of  Fletcher's  Sand- 
baths.  This  room  is  stocked  with  most  of  the  apparatus  neces- 
sary for  carrying  on  physiological  chemical  work,  the  analysis 
of  air,  water,  food,  and  the  rest. 

The  next  room  is  set  apart  for  blow-pipe  work,  metal 
injections  (Cathcart's  method),  embedding  in  paraffin  and 
celloidin,  and  section  cutting.  It  is  also  used  as  a  store 
room  for  some  of  the  glass  apparatus,  ami  the  window  is 
fitted  with  a  table  for  biatolcffiical  work. 


(i)  Binding  screw  and   tube 
altachnl ;  (cO  die,  etc,  in  position. 


Several  tnodifications  have  been  made  in  the  microtomes 
used  in  this  room.  To  the  Cambridge  rocking  microtome 
Mr  Fitiser  added  for  nie  a  fixing  screw  (a)  to  steady  the 
tube  in  any  position  on  the  iron  lever,  and  at  Mr  G,  Brook's 
suggestion  I  also  added  a  solid  end  to  tJie  brass  tube,  into 
which  "dies"  (c)  of  various  sizes  with  i-oughened  surfaces 
can  be  screwed.  This  does  away  with  all  the  inconvenience 
of  biiviug  to  "melt  in"  the  embedded  tissue  into  the  tube. 
A  dozen  of  the  dies  may  be  used,  and  to  eauh  of  these  a 
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piece  of  tissue  may  be  fused,  and  kept  ready  fur  cutting  at 
any  time.  Then,  too,  the  die  witli  its  piece  of  tissue  may  be 
unscrewed,  after  a  few  tectioos  have  been  cut,  and  another 
substituted ;  the  fixing  screw  enables  one  to  adjust  the 
holder  and  tissue  as  required. 

To  a  large  Schanze  microtome,  which  is  used  principally 
for  cutting  tissues  embedded  in  celloidin,  an  arraugemeut 
has  been  htted  (Fig.  10)  to  allow  of  sections  being  cut  aader 
spirit  To  the  knife  block  that  runs  in  the  groove  I  have 
altixed  a  second  bevelled  plate,  so  adjusted  that  it  throws  down 
the  i>oiiit  of  the  kuife  about  2  inches.   This  bevelled  block  is 
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filled  in  by  means  of  an  india-rubber  bag  (Nachet's  plan). 
fixed  by  wire  to  a  flange  around  the  opening  and  by 
a  nut  with  a  washer  around  the  clamp  rod.  The  tray 
is  filled  with  spirit  which  cannot  escape  except  by  special 
taps,  but  the  specimen  can  be  raised  by  means  of  the 
screw,  the  india-mbber  bag  allowing  considerable  move- 
ment but  preventing  the  escape  of  the  spirit.  At  one 
corner  of  the  tray  is  a  grating  with  a  tap  beneath  {d),  by 
which  the  spirit  may  be  drawn  ofl',  whilst  in  the  india- 
rubber  bag  there  is  also  a  tube  (e)  with  a  Mohr'a  clip 
tlirongli  which  the  remainder  of  the  spirit  may  be  removed. 
At  each  end  of  the  body  of  the  microtome  is  a  ring  with  a 


binding  screw  in  which  a  rod  may  be  frxod  to  prevent  the 
knife  point  or  heol  coming  in  contact  with  the  ends  of  the 
tray.  We  have  found  this  a  most  convenient  arrangement, 
especially  for  large  sections  S  or  4  indies  square.  Mr 
Hume  gave  me  very  great  assistance  in  working  out  the 
details  of  the  above  piece  of  apparatus,  the  workmanship  of 
which  does  him  great  credit. 

Next  door  on  this  same  flat  is  a  small  room  used  as  a 
store  for  reagents  and  other  chemicals ;  the  window  is 
lilted  with  a  table  for  microscopic  work.  Then  comes 
another  small  histological  room,  and  lastly  a  room  set  apart 
for  the  estimation  of  urea,  albumun,  and  suf;nr  in  urines,  in 
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connection  with  clinical  work  andertaken  by  the  Fellows  of 
tlie  Collega 

On  the  top  story  are  three  splendidly-lighted  rooms  (Fig.  1 1 ), 
all  of  which  arc  devoted  to  microscopic  work.  In  the  south 
room  the  apparatua  necessary  for  Ilacteriological  research  iscol- 
Iccted.  Two  large  projecting  roofor  dormer  windows  (fig.  12) 
face  east  and  west  respectively.  Each  is  fitted  with  a  tabic 
covered  with  a  sheet  of  plate  glass,  on  the  under  surface  of 
which  are  painted  three  strips,  the  first  4  inches  broad,  black, 
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Above  the  level  of  the  table,  in  front,  are  four  small  slielve.s, 
(111  which  are  placed  covered  vesBela  for  clean  and  dirty  slides 
and  cover  glasses.  A  syphon  arrangement  for  distilled 
water  and  corrosive  sublimate  solution,  a  bell  jar  with  counter 
poise  running  on  a  brass  rod,  a  bunsen  burner,  and  a  lamp. 
complete  the  Sittings  at  this  table.     This  lamp  (Fig.  13)  is 


Pig.  13, 
(ri)  lllue  glnss ;  (A)  opul  reflector ;  (0  retort  sUiid. 

at  once  cheap  and  very  effective,  It  consists  of  a  wire  frame 
soldered  to  a  piece  of  brass  piping  into  which  is  fixed  an 
ordinary  gas  burner.  Behind  the  burner  on  the  wire  supports 
is  fixed  a  concave  reflector  {h)  made  of  opal  glass  (sold  for 
the  top  of  ordinary  gas  globes),  and  in  front  is  a  piece 
of  blue  glass  (a),  which  protects  the  eyes  of  the  worker 
from  the  strong  glare,  whilst  it  allows  of  all  the  table  being 
thoroughly  and  brilliantly  lighteil.  The  lamp  is  supported 
on  an  ordinary  retort  stand  (c). 

The  bunsen  burner  found  best  adapted  for  our  work  is  that 
made  by  Messrs  Fletcher,  with  wire  gauze  both  above  and  below. 
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A  very  small  flame  may  be  obtaiDod,  and  there  ia  little  ot  no 
risk  of  the  tiame  ninniug  down  the  tube  to  the  lower  orifice. 
Each  microscope  table  hassimiUr  fittings.  The  pieces  of  new 
apparatus  in  this  room  are,  first,  a  steam  steriliser  (Fig.  14), 
iiiodifieil  from  uue  suggested  by  Dr  Aitken  on  the  principle 
of  Itunsen's  continuous  supply  for  the  hot  water  evaporatinf; 
bath.    It  consists  of  two  parts  the  steam  chamber  and  the 
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about  half  an  inch  in  length.  This  is  the  only  means  ol'  cuni- 
nimiiCHtion  between  the  two  reseivoir  chambers.  Between  the 
lower  chamber  antl  the  lower  part  of  the  steam  chamber  nms 
a  piece  of  half-inch  tubing  (A)  on  which  is  a  stopcock.    From 


(c)  wiler  gauga  :  {d)  «ir  {ripe  ;  {e)  orif)<v 
ing  tnl>c  between  two  clitiubera ;   i<j) 


{a)  Stcnm  chamber  ;  ili) 
for  fitliiifc  roervoiri  {/) 
uojipiir  liottoni  ;  (ft) 


the  lower  chamber  there  is  also  a  tube  io)  running  up  the 
outside  of  the  cylinder  through  which  air  can  gain  acces.". 
Attached  to  the  upper  chamber  is  a  glass  water  gauge  (A),  and 
at  the  top  in  the  middle  is  a  supply  opening.  Thia  is  closed 
by  a  levered  screw  cap  (/).  lined  with  india-rubber,  in  order 
that  the  joint  may  be  perfectly  air-tight. 

To  set  this  to  work,  close  the  tap,  cutting  off  communicntiou 
with  the  steain  chamber;  screw  off  the  cap  and  fill  up  the 
reservoir  with  water;  screw  on  the  cap  firmly,  then  open  the 
tap  between  the  two  chambers;  water  immediately  escapes 
from  the  one  into  the  other  until  it  rises  to  the  level  of  the 
lower  end  of  the  pipe  in  the  false  bottom  (Fig.  15);  as  soon  as  it 
VUI..  IX.  2  K 
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gets  to  tliis  level  no  water  can  escape,  as  the  apper  chamber 
is  now  air-tight.  Oiiljr  a  small  quantity  escapes  at  a  lime,  and 
this  is  very  rapidly  boiled ;  as  it  evaporatea  a  amall  qoantity 
escapes  to  take  its  place,  and  so  on.  The  reservoir  holds 
RuRicieiit  water  to  last  for  a  couple  of  days,  and  steam  can 
I>G  got  up  in  under  ten  minutes.  A  much  smaller  steam 
chamber  suffices,  and  there  is  n  ^at  Raving  of  both  gas  and 


The  hot  water  funnel  (Fig.  16)  for  filtering  gelatine  is  made 
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test  tubes  with  a  pipette,  the  following  method  (Fig.  17)  has 
been  devised, — into  each  of  the  lai^  stock  flasks,  in  which 
the  peptonised  gelatine  is  sterilised  and  stored,  is  titte<l  an 
india-rubber  bnng  with  two  openings.  Through  these  pass 
two  tnbes.  one  with  a  thistle  head  tube  running  to  near  the 


surface  of  the  gelatine,  i.e.  about  two-thinls  of  the  distanre 
down  into  the  flask,  the  other  passing  just  through  the  cork. 
To  the  shorter  tube  ia  fitted  a  piece  of  india-rubber  tubing 
on  which  is  a  Mohr'a  clip,  and  to  the  other  end  of  this 
tubing  ia  fitted  a  piece  of  glass  tubing  with  a  constricted 
firitlce.  A  plug  of  carefully  sterilised  cotton  wadding  is 
pushed  into  the  thistle  hea<i,  the  india-rubber  bung  is  pushed 
into  the  neck  of  the  flask,  and  then  a  sheet  of  cotton  wadding 
is  placed  over  the  whole  of  the  tubes  and  the  mouth  of  the 
flask,  and  is  held  in  position  by  an  india-rubber  band.  The 
flask  is  placed  in  the  steam  steriliser,  where  it  may  be  left 
for  a  sufficient  length  of  time  to  allow  of  it  becoming  perfectly 
sterilised.  It  is  filled  nearly  a  third  full  with  gelatine,  after 
carefully  removing  the  sheet  of  wadding  and  the  bung ;  these 
are  then  replaced,  and  the  whole  is  again  sterilised  as  usual. 

When  the  gelatine  is  to  be  drawn  off  into  test  tubes,  the 
flask  is  inverted  and  held  in  a  retort  stand,  the  sheet  of 
wadding  is  carefully  removed  and  folded,  the  glass  noz/le  is 
inserted  into  the  mouth  of  the  test  tube,  the  clip  is  opened 
and  gelatine  escapes  ;  all  the  air  passing  into  the  flask,  being 
tillered  through  the  wadding  in  the  thistle  head  funnel,  is 
thoroughly  sterilised.  If  the  whole  of  the  gelatine  is  nut 
withdrawn,  all  that  is  nece-ssary  if  to  rephice  the  sheet  of 
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wadding  (care  having  been  taken  to  preserve  the  inner 
surface,  by  folditig  it  inwards).  Then  is  no  necessity  to 
sterilise  after  this  has  been  once  done,  all  that  is  necessaiy 
subsequently  is  to  heat  sufficiently  to  render  the  gelatine 
fluid.  This  apparatus  is  specially  useful  for  milk,  aa  the 
cream  always  rises  to  the  surface  and  is  so  left  to  the  last 
Another  new  piece  of  apparatus  (Fig.  18)  is  one  which  I 
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one  is  ciirtbled  to  get  a  large  surface  of  gelntiue,  aud  a.  more 
perfect  diffasion  of  the  organisms  on  the  surface. 

Tlie  points  of  growth  are  easily  counted  through  tlie  iint 
glass  bottom  and  transparent  layer  of  gelatine.  Another 
great  advantage  is  that  if  the  orifice  at  the  top  be  made  large 
enough  (Ij  inches  iu  diameter)  the  points  of  growth  may 
be  aa  readily  removed,  as  from  a  plate  cultivation,  the 
manipulator  being  able  to  reach  any  point  of  the  surface  of 
the  gelatine  with  his  platinum  needle. 

One  of  Browning's  microspectroscopes  has  also  been  fitted 
up  in  this  i-ooni.  Racks,  for  series  of  Hesse's  tubes,  and 
shelving  complete  the  fittings.  Oiieniug  out  from  the  bacterio- 
logical room  is  a  small  room  with  a  sink  and  large  sloping 
drainer,  at  which  most  of  the  glass  apparatus  is  washed. 

The  other  two  rooms  on  this  fiat  are  fitted  up  for 
histological  work  with  window  tables,  sinks,  cupboards, 
spirit  vessels,  aud  shelving,  each  for  two  workers. 

In  connection  with  the  histological  department,  apparatus 
for  microphotography  has  been  fitted  up  by  Mr  Forgan. 

A  smaller  form  (Fig.  IIJ)  consists  of  a  base  board  on 
which  the  microscope  (b)  (with  the  eyepiece  in)  is  fixed  with 
a  lamp  (o)  in  front.  The  microscope  stands  between  two  fivin 
uprights  26  inches  high,  at  the  top  of,  and  between  which,  is 
a  cross  bar  holding  a  frame  for  focussing  glass  and  dark  slide. 
The  space  between  the  dark  slide  and  the  microscope  tube  is 
filled  in  with  a  black  velvet  funnel-shaped  tube  (r),  which  is 
easily  fixed  around,  or  removed  from,  the  tube.  In  using  this 
apparatus  the  specimen  to  be  photographed  is  first  fixed  and 
fucussed  on  the  microscope  ordinarily  used,  which  is  then 
placed  on  the  base  board  and  carefully  lighted  from  the  lamp 
in  front.  The  velvet  funnel  is  drawn  over  the  eyepiece  and 
tube,  the  image  is  focussed  on  clear  waxed  glass  (d),  after 
which  the  ckrk  Elide  is  introduced.  Before  drawiug  the  shutter 
■,i  piece  of  cardboard  is  placed  between  the  mirror  and  the 
section.  To  expose,  simply  remo^■e  this  cardboard  for  the 
necessary  length  of  time.  This  apparatus  can  be  used  with 
advantage  for  low  powers  only.  It  may  be  used  with  day- 
light or  with  gaslight. 

The  larger  form,  for  work  with  higher  powers,  is  based  on 


Fig.  18. 
(a)    Lairigi ;    (A)    inicratwoiic ;    (r)    Trlrcl    tnbi 

(r)  lUrk slide;  (/)  ball '■  eye  condenser. 

condenser  attached)  ami  lamp  are  placed  on  a  board 
volving  on  a  pivot  on  the  long  base  board,  so  that  tlrf' 
object  tuny  be  fixed  and  focussed  before  the  microscope  tube 
is  inserted  into  the  front  of  the  camera.  (2.)  The  focusain^ 
on  the  screen  is  rendered  much  easier  by  an  arraogemeiit 
suggested  first  by  Mr  G.  Brook  and  then  by  lit  EdingtOD, 
whereby  the  milled  head  of  the  fine  adjustment  Bcrew 
worked  by  means  of  a  cord  running  from  the  end  of  t1 
focussing  rod  over  the  groove  of  the  milled  head,  sufficieokl 
friction    being    obtained  by    means    of  a    plummet    ball, 
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wliicli  should  weigh,  at  must,  a  couple  of  ouucea.  In 
devising  iiiodiJicationa  of  old  apparatus  and  constructing 
new,  I  have  been  greatly  aided  by  the  mechanical  ingenuity 
and  skill  of  Mr  Coghill,  the  As'^istant  in  the  Ltiburatory, 
to  whom  I  now  wish  to  express  my  great  indebtednesa 

The  arrangements  for  conducting  the  work  are  Boiuewliat 
as  follows:— The  Cull^e  baa  established  and  will  maintain 
the  Laboratory  for  the  prosecution  of  original  research.  To 
facilitate  such  work  the  Council  of  the  College  "  appoint  a 
scientific  Superintendent,  who  must  devote  such  portion  of 
his  time  aa  may  be  determined  by  the  Council  to  the  work 
of  the  Laljoratory ;  where,  under  the  supervision  of  the 
Curator  and  Committee,  be  sliall  himself  undertake  the 
]>i-osecutioD  of  origiual  research,  and  be  prepared  to  assist,  if 
required  to  do  so,  in  the  work  of  other  investigators.  Under 
like  supervision  he  shall  also  be  prepared  to  furnish  the 
Fellows  of  the  College  with  reports  upon  such  matters  as  the 
Histology  of  Morbid  Specimens,  and  of  the  Chemical  and 
Microscopic  characters  of  Urines,"  'm  which  work  he  is 
aided  by  the  resident  assistant. 

The  Laboratory  is  open  without  fee  to  Fellows  and 
Members  of  the  College,  "  to  any  Licentiate  who  shall  obtain 
the  sanction  of  the  Curator  and  Committee  to  use  the 
J.4iboratory  for  purposes  of  scientific  research  ; "  and  "  to  any 
medical  man  or  investigator,  who  shall  obtain  the  sanction 
of  the  Council  of  the  College,  as  well  as  of  the  Curator  and 
Committee,  to  use  the  Laboratory  for  the  purposes  of 
scientific  research." 

The  Institution  is  open  for  reseai-ch  work  daily,  Sundays 
excepted,  from  10  a.m.  till  5  p.m.,  except  on  Saturdays,  when 
it  is  closed  at  1  p.m. 

A  special  arrangement  may  be  made  by  those  desirous  of 
working  after  the  usual  hours  of  closing,  but  for  this  the 
written  permission  of  the  Superintendent  must  be  obtained. 

Investigators  are  entitled  to  the  assistance  of  the  Labor- 
atory officers  or  servants  in  the  preparation  of  apparatus, 
but  the  actual  work  of  carrying  on  experiments,  cutting 
and  mounting  .specimens,  etc.,  must  be  done  by  the  investi- 
gator himself. 
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T)ie  whole  of  the  oxpetise  of  eetablUhmeiit  and  niain- 
lenauce  has  been  and  will  be  defrayed  from  funds  placed  at 
the  dis{)osal  of  the  Comuiiltee  by  the  Council  of  the  College 
or  this  an  initial  ^Taut  of  £1U00  was  made,  with  which  to 
idler  and  funuBb  tlie  house  and  buy  apparatus,  iiistruments, 
Hiid  chemicals.  In  addition  to  this  an  annual  grant  of  £650 
is  made,  from  which  all  salaries,  rents,  and  taxes  are  paid, 
and  stock  is  kept  up.  Of  these  sums,  only  about  £830  of 
the  original  £1000,  and  £G00  of  the  annual  grant,  were  spent 
durin<;  the  first  twelve  mouths,  so  that  the  whole  equipment 
and  fittings  of  the  I.aboratory,  together  with  the  current 
expenses  during  the  above  period,  cost  only  £1430.  During 
the  year  there  have  been  22  medical  men — 9  Fellows,  and 
4  Members  of  the  College  and  9  other  qualified  medical 
men — engaged  in  pathological,  physiological,  chemical,  or 
bacteriological  investigations,  some  of  which  have  been  com- 
pleted and  will  shortly  be  published.  In  addition,  nearly 
one  hundred  tumours  or  other  histological  preparations  have 
been  examined,  and  numerous  analyses  have  been  made  by 
or  for  the  Fellows  of  the  College  and  others. 

The  laboratory  has  also  been  used  for  examination 
pur{)03es  in  connection  with  the  Diploma  in  Public  Health 
griiuted  by  the  College. 
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publication  of  Saxby'a  boolt  in  1874.  Snxby  at  tbut  time 
remarked  on  the  iucreasing  numbers  of  various  species  of 
small  birds  that  spent  the  summer  in  the  islands,  and  confi- 
dently expected  a  alill  further  increase  every  year.  These 
expectations,  however,  liave  been  in  a  great  measure  dis- 
appointed, Planting  has  very  slightly  increaaed,  and  if 
undertaken  in  the  same  manner  as  I  obsei'ved  at  the  Ness  of 
Hillswick  in  1887,  must  necessarily  prove  a  failure.  At  that 
spot — an  ex)K)sed  position  on  tlie  west  coast — about  a  quarter 
of  an  acre  had  been  -planted  with  young  fir-trees,  all  dead  at 
the  time  of  my  visit;  and  to  protect  this  young  plantation 
from  the  fierce  sea  gales,  there  was  erected  round  it  a  three- 
etrand  wire  fence  !  In  places  inaccessible  to  sheep,  such  as 
islets  in  locbs  and  inland  cliffy,  a  few  dwarf  natuml  trees 
may  be  found — all  those  I  saw  were  ash,  birch,  and  rowan, 
but  iu  numbers  too  scanty  to  have  any  intluence  upon  the 
fauna.  Thus,  owing  to  the  absence  of  suitable  shelter,  the 
small  birds  we  do  find  in  Shetland  arc  inhabitants  of  the 
hills,  pastures,  and  rocks ;  and  with  the  single  exception  of 
the  liardy  little  wren,  we  see  none  of  those  sylvan  species 
so  common  farther  south. 

Of  the  larger  species  of  birds,  such  as  the  wadera,  and 
csi>ecially  of  the  sea-fowl,  Shetland  possesses  a  long  and  im- 
portant list  of  residents  and  summer  migrants.  Several 
species,  rare  or  local  in  liritain,  nest  in  the  islands,  such  as 
the  White-tailed  Eagle  {Halixfos  albicUla),  liedthroatcd 
Diver  (Calymbus  septentronalis),  Rednecked  Phalerope  (Phale- 
rojnie  hyperhorem),  Arctic  Skua  (Stercorarius  crepidatm), 
Whimbrel  {^Numenius  phteopus),  and  one  species  found  no- 
where else  in  the  Britbh  Islands,  the  Great  Skua  {Stercorarius 
ratan-ades).  To  these  may  be  added  a  recent  colonist,  the 
Fulmar  Petrel  {Procdlnria  glacialis),  which  I  believe  has 
only  one  other  breeding-station  in  the  llritish  aeas. 

In  view  of  the  interest  attaching  to  local  bird  names,  I 
give  each  bird's  Shetlandic  title  immediately  after  its  scien- 
tific one.  Though  perhaps  not  iu  harmony  with  the  most 
recent  theories  of  classification,  I  shall  follow  in  this  paper 
the  order  adopted  in  Saxby'a  "  Birds  of  Shetland,"  and  there- 
fore will  commence  with 
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1.  Whiie-tttiled  V^'^e  (Haliaios  allncUla),  (Erne,  Sen-Eagle). 
— This  iiue  bird  is  not  iiuite  exterQiiuated  in  Slietland, 
tliuugli  it  liofl,  as  ulsewhfre,  become  very  scarce  of  late  years. 
As  far  as  I  have  been  able  to  gather,  there  are  still  foar  or 
five  occupied  eyries.  In  the  ScoLtman  for  6th  August  1883, 
there  appeared  a  long  account  of  the  capture  of  a  pair  of 
eaglets  from  a  nest  on  the  Bard  of  Itresaay,  in  the  previous 
June,  by  James  Laurensoii  of  Lerwick,  which  account,  I  am 
informed  liy  the  captor  himself,  is  substantially  correct.  In 
June  188G  two  Lerwick  youths  took  a  i>air  of  eaglets  from  a 
nest  close  to  this  locality — on  the  Xoup  of  Xoss.  Mr 
Howard  Saundeiii,  iu  a  pa]>er  in  the  Zoologist  for  January 
18.S0,  throws  doubt  ujwn  the  e^les  having  built  in  this  dis- 
trict in  1879,  but  I  think  it  very  probable  they  did  bo. 
There  is  another  eyrie  of  the  erne,  which  was  tenanted  in 
1884,  in  the  island  of  Fetlar,  and  another  is  situated  in  Yell. 
From  this  hist  a  single  young  bird  was  taken  iu  June  of  last 
year  (1887).  This  bird  i^  now  in  the  poaseasion  of  James 
l.auren3on,  and  is  "  duin;;  well."  Besides  these,  I  discovered 
another  on  the  3J  of  June  1887,  on  Mainland,  and  had  the 
pleasure  of  seeing  one  of  the  old  birds  witliin  a  short  distance. 
This  eyrie  is  in  an  exceedingly  difhcult  situation,  protected 
tvom  above  and  below  by  projecting  points  of  rock.  The  old 
vim\e,  iii'ter  sailing  alowly  jwiat,  mobbed  all  the  while  by  the 
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wiHi  it  on  two  occasions  in  1887;  one,  a  reiniilu,  I  put  oil  lier 
nest  just  undBF  the  "  Horn  of  Papa,"  ou  tlie  island  of  Papa- 
Htour,  anJ  another  on  Roeness  Ilili.  Tlie  first-mentioned 
liird  was  very  Iwld,  and  kept  Hying  backwai'ds  and  forwards, 
screaming  loudly.  Probably  her  yoiiug  were  newly  hatched. 
The  pufEu  forms  a  very  favourite  prey  of  these  birds,  and  1 
met  with  large  quantities  of  their  remains  near  au  eyrie  in 
Unat, 

3.  Merlin  {Falco  /malon),  (Maiilin,  Sparrowhawk). — This 
Iteautifnl  liitle  hawk  ia  not  at  alt  frequent  on  the  mainland, 
and  I  met  with  it  only  twice.  One  1  saw  chasing  a  raven  on 
lloeness  Hill ;  and  a  pair  at  the  Bergs  of  North  lloe,  the 
t'emale  of  which  I  put  off  her  nest,  containing  two  eggs.  Tlie 
eggs  were  deposited  in  tlie  old  nest  of  a  hooded  crow  (merely 
a  slight  hollow  in  the  turf,  surrounded  by  a  rim  of  bunit 
heather  stems),  situated  on  the  ledge  of  a  low  rock  on  a 
broken  rocky  slope. 

4  Kestrel  {Falco  tinnuiicidus),  (Maalin.  yparrowhawk). — 
The  people  as  a  rule  do  not  distinguish  between  this  bird  and 
the  last,  and  many  of  the  eggs  in  the  shops  in  Lerwick  should 
more  properly  be  assigned  to  the  kestrel  than  to  tlieir  nominal 
owner.  The  kestrel  is,  however,  not  abundant  any  where,  and 
Meeraa  very  local,  and  regular  in  its  return  to  breeding  haunts. 
Thus  I  found  a  neat  with  six  young  at  a  spot  mentioned  by 
t>axby  as  being  frequented  by  them  in  IStiO. 

5.  Hen  Harrier  {Circm  eyaiiem). — Said  by  Sa.'cby  in  18tiU 
to  be  "  rare  even  as  a  visitor."  I  did  not  meet  with  it,  nor 
with  any  one  who  knew  the  bird. 

fi,  Shorteared  Owl  (Olus  bracJiyolus) ,  (Catyoglii)  does  not 
seeni  to  be  common.  Mr  Scott  of  Helby  has  heard  them  in 
the  vicinity  of  Melby  House.  Saxby  found  a  nest  in  heather 
between  Bardister  and  OUaberry,  in  Northmavine.  I  did 
not  meet  with  it  in  any  place. 

7.  Snowy  Owl  (Surnia  nydea.  Nyclai  scnndiaca),  (Caly- 
ogle). — There  is  little  doubt  that  this  owl  used  occasionally  to 
breed  in  the  island  of  Unat,  though  no  inatance  has  occurred 
in  recent  years.  About  \%2'1  Edmondstou  was  informed 
of  a  nest  with  three  young  being  found  near  Italtaaound; 
and    Saxby  several    times   met   with   it   in    summer.      In 
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Wils^ms  "Vyvajre"  also,  mention  is  made  of  a  snowy  owl 
x-en  l)y  out'  of  his  iKirtr  od  this  same  ialand  ia  the  montli 
of  August. 

S.  Ileilktcktfil  Shrike  (/>fniru  roilurio). — One  instance  of 
this  bir.i's  nestiag  in  Shellanil  is  recorded:  Saxby  found  a 
family  of  three  young  birds  ou  SIth  June  1870  at  Burratirth, 
ill  I'nst. 

'J.  Illavkbird  ^Turtttta  mcrula)  is  re]>ort«d  to  have  bred  lu 
ilie  nciiiity  of  Lerwick,  but  there  seems  to  be  no  authentic 
iiH'ord  of  the  fact. 

ll>.  Wlieatear  (.Siirino/fl  wnan/Ac).  (Steinkle). — This  is  the 
most  generally  diffused  of  the  land  birds  of  Shetland.  It  is 
very  common,  and  its  sprightly  notes  may  be  heard  during 
May  and  June  all  day  long. and  also  tiiroughout  what  would 
be  night  in  more  southern  lands.  The  uest  is  placed  in  a 
hole  in  some  peat  tank,  or  in  the  interstices  of  the  rocks,  and 
i»  so  cunningly  concealed  that  it  is  rather  difficult  to  find. 
The  bin!,  too,  seems  to  feel  the  turf  shaking  at  a  consider- 
able distance  off,  and  steals  away  from  the  nest  before  the 
intruder  comes  close  upon  it.  All  the  nests  I  found  were 
made  of  roots  and  grasses,  and  lined  with  a  f^reat  mass  of 
gulls'  ffathers. 

11.  Meadow  pipit  {Aalhi'^  pi-attnais),  (Hill  8))arrow, 
Titlark).^ — This  is  another  of   the  commonest  of   Slielland 
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Now  that  tins  bird  lias  been  found  iireeding  on  the  miiirilainl 
of  Scotland  (Messrs  Harvie-Brown  and  Buckley,  "  Fauna  of 
Sutherland,"  pp.  1^8-142),  ws  may  expect  to  hear  of  He  nest- 
ing elsewhere.  During  Saxby'a  stay  in  Shetland  (he  left  in 
1871)  he  procured  no  less  than  four  nests,  all  from  the  same 
spot,  the  summit  of  Saxavord  in  Unst. 

15.  Common  Bunting  [Embo-iza  mHiaria),  (Combill, 
Bunton).  —  The  bunting  cannot  be  called  common  in  any 
part  of  Shetland,  though  a  pair  or  two  may  be  seen  in  many 
places,  usually  perched  on  the  telegraph  wires,  a  habit  whicli 
I  have  noticed  they  are  very  fond  of  in  the  vicinity  of  Edin- 
burgh. 

16.  House  Sparrow  (Passer  domealims). — This  truly  para- 
sitic bird  is,  as  we  might  expect,  oa  common  in  Shetland  as 
elsewhere  ;  wherever  there  are  a  lew  houses  the  sparrow 
is  sure  to  be  seen,  as  impudent  and  familiar  as  further  south. 
It  is  particularly  abundant  in  Lerwick,  Scalloway,  and  Walls, 
anil  nests  in  the  thatch  of  every  hamlet. 

17.  Twite  {Linola  Jinvirostris),  (Untie). — The  mountiiin 
linnet  divides  with  the  wheatear  the  distinction  of  being 
the  most  characteristic  small  bird  of  Shetland,  and  is  generally 
distributed.  The  nests,  like  those  of  the  wheatear,  are  rather 
diHicult  to  find,  being  usually  placed  under  a  peatbank  or  in 
a  tuft  of  heather.  One,  however,  which  I  came  npcjn  while 
looking  for  gulls'  eggs,  was  placed  under  a  loose  stone  about 
50  feet  down  a  high  and  steep  cliff.  Another  was  placed  in 
a  turf  wall. 

18.  ^\AT\\a'^[Stur7ms vulgaris),  (Starn). — la  very  abundant, 
breeding  in  large  colonies  in  the  clifTs,  in  hoiLSCs,  dry  stone 
walls,  and  under  the  stones  ou  the  beaches  of  the  island 
of  Oxna  —  where  Hewitson  found  the  storm  petrel  nest- 


19.  Raven  {Corvtis  corax),  (Corbie). — The  raven  may  still 
be  fairly  termed  common,  In  1887  there  were  few  days  on 
which  I  did  not  see  several  of  these  birds.  Ou  the  27th  May 
I  put  one  off  her  nest  at  Burland.andon  the  ;S  1st  saw  another 

nest-site,  from  which  the  young  had  not  yet  down, at  teideland 
I'oint,  In  Walls,  on  the  10th  June,  I  came  upon  a  family  party 
of  two  old  and  three  young,  the  latt<'r  of  which  were  liarely 
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able  to  fly.  Tht;  old  hinis  vere  veiy  bold,  coming  swooping 
mund  me  croaking  fiercely,  probably  seeing  I  carried  no 
•;un. 

20.  Hoodeti  Crow  {Corvut  fornix),  (Craa).— Tliis  destruc- 
tive bird  is  very  abundant  in  many  districts,  and  nowhere 
more  so  than  in  tbu  vicinity  of  Sandness  in  Walls,  wbere  it 
was  to  be  seen  in  Itucks  of  nine  or  ten  feeding  in  the  fields. 
All  along  the  coast,  and  also  inland  wherever  there  were  a 
few  rocks,  the  o1<l  nests  could  be  seen.  Most  of  the  young 
broods  liad  tlown  at  the  date  of  my  visit,  but  I  found  two 
iitisU  with  eggs  on  low  inland  rocks.  One  of  these  had  been 
visited  before,  and  the  eg^  partly  blown  and  replaced.  This 
i  discovered  had  been  done  in  the  belief  that  the  female 
Would  be  induced  to  sit  until  she  died.  Of  course  she  did 
nothing  of  the  kind,  and  the  eggs  had  been  turned  out  of  the 
nest,  and  were  lying  on  the  turf  alongside.  Two  other  nests 
with  young,  and  many  used  nests  which  I  came  upou  in  in- 
land situations,  were  all  very  easy  of  access,  several  indeed 
pUced  under  stones  on  the  open  moor. 

21.  Wren  {TroglodyUt  vulgaris),  (Robin). — The  reason  why 
the  wren  sltould  be  called  the  robin  in  Shetland  is  not  very 
np)>arcnt.  Tlie  robin  is  an  accidental  visitor,  while  the  wren 
U  rather  common,  and  may  he  found  in  all  sorts  of  places 

—now    siii{;iiiy   sweetly    from    a    stone    hail-wuy    down 
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na  rare  as  those  ol'  tlie  awnllovv.      It  occaaionaliy   lireeils, 
however, 

25.  Kockdove  (Columba  livia),  (Doo).— Verj-  aumerotis 
wherever  there  are  suitable  caves ;  all  those  I  saw  were  pure 
bred  birJs,  tame  pijjeons  not  being  kept  in  iHrge  numbers  in 
Shetland.  The  nests  are  invariably  very  difficult  to  reach — 
usually  built  in  the  roofs  of  sea-caves.  One  nest  I  got  was 
placed  in  a  rather  curious  positioiL  Wliile  walking  alonj; 
the  ctifia  of  Papa-Strjur  I  saw  a  rockdove  dart  up  apparently 
from  the  ground  about  70  yards  from  the  edge  of  the  clifV. 
On  going  to  the  spot,  however,  I  found  she  had  come  from  a 
hole  in  the  rock,  at  the  bottom  of  which,  about  150  feet 
below,  the  sea  could  be  dimly  seen.  About  10  feet  down 
this  crevice,  which  was  about  2  feet  wide  at  the  top ;  a  large 
slone  was  firmly  wedged,  and  on  it  the  pigeon's  nest,  contain- 
ing a  half-grown  young  bird  and  an  egg,  suspended,  as  it 
were,  in  mid-air. 

26.  Red  GYoiise(Lagof»i3Scotuiti). — Several  attempts  have 
been  made  to  introduce  the  red  grouse  into  Shetland,  but  all 
without  success.  The  first,  as  far  as  I  can  learn,  took  place 
about  1858,  when  Mr  D.  D.  Black  of  Kergord,  at  the  head 
of  Weisdale  Voe,  imported  a  number,  at  the  same  lime  plant- 
ing a  large  quantity  of  Norway  lira  (said  to  have  been  as  many 
as  40,000),  to  afford  shelter  to  the  birds.  As  usual,  however. 
the  Irees  died,  and  the  grouse  gradually  disappeared;  a  few 
breeding  in  the  locality,  however,  for  a  number  of  years,  as 
about  1872  three  young  birds  were  brought  to  the  late  Dr 
Scott  of  Melby,  which  hatl  been  caught  by  a  woman  on 
Sandness  Hill.  The  distance  from  Kergord  in  a  direct  line 
to  this  locality  is  about  12  miles.  Since  that  date  nothing 
more  has  been  heard  of  Mr  Black's  importation.  The  next 
attempt  was  made  in  1882  by  John  Harrison,  Esq.  of 
Windbouse,  in  Yell,  who  got  a  consignment  of  about  40  sent 
over  from  Scotland.  Unfortunately,  however,  all  died  in 
transit  except  one  pair,  which  nested.  Next  year  Mr 
Harrison  procured  five  other  pairs,  and  in  18H5  the  number 
of  grouse  in  the  islands  was  three  coveys  in  Yell,  one  in 
Unst,  and  one  in  Northniavine.  They  seem  to  be  quite 
extinct  now,  however,  for  tlie  latest  information  I  can  gather 
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brings  tlicm  up  to  tlio  year  188C,  since  wliicli  time  tliey  liare 
not  been  lieartl  of.  I  will  give  the  loat  occurrence  Id  my  in- 
forniont'a  (James  Laurenson)  own  words — "  Last  year,  while 
in  the  island  of  Unst,  I  came  across  a  boy  who  had  foood  in 
the  previous  year  (188G)  a  neat  containing  six  ^gs,  and 
being  anxious  to  get  young  ones,  he  watched  the  nest  from 
week  to  week  until  six  weeks  had  elapsed,  when,  as  there 
were  no  signs  of  the  birds  coinin<;  out,  he  weut  one  night 
and  secured  the  mother  and  the  eggs.  Strange  to  say,  the 
hen  continued  to  sit  on  the  eggs,  even  in  captivity,  until  she 
died.  It  is  needless  to  odd  that  the  e^s  were  rotten — 
probably  for  want  of  a  male  bird."  Mr  Harrison  puts  the 
cause  of  failure  to  the  abundance  of  vermin,  but  I  cannot 
(|nite  agree  with  him  in  thia  By  the  burning  of  the 
heather,  not  in  strips  but  all  over,  the  grouse  are  deprived  of 
shelter  in  bad  weather  and  protection  from  the  so-called 
vormin,  and  the  dense  {wpulation,  wet  and  stormy  springs, 
nnd  perhnp?,  too,  the  small  scale  on  which  the  introduction 
has  been  tried,  are  all  of  them  important  factors  in  the  failure. 
This  failure,  however,  is  not  without  its  compensations  to 
nnturalists,  when  we  consider  what  tlie  establishment  of  the 
grouse  and  its  protectors  with  gun,  trap,  and  poison  would 
have  meant  to  many  interesting  Shetland  birds. 

—One  insl-aiice  of  the  ne; 
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30.  Lapwing {Vtinelbis  crulatiis),  (Tieves  Nacliel). — Saxby 
says:  "Kow  (1870)  it  is  quite  a  common  bird  throughout 
Shetland."  So  far  aa  Unst  ia  concerned,  this  is  quite  true, 
but  in  many  districts  of  the  mainland  and  on  other  islands 
the  pewit  is  unknown.  Its  greater  abundance  in  Unst  is 
doubtless  due  to  the  greater  amount  of  cultivation  on  that 
island.  The  ouly  two  places  on  the  west  coast  of  Mainland 
at  which  I  observed  this  bird  were  at  Hillswick  and  Walls. 
At  the  former  one  pair,  and  at  the  latter  four  pairs,  were 
nesting.  An  old  inhabitant  of  Walla  informed  me  ihat  they 
first  appeared  in  the  district  about  twenty  years  ago,  so 
that  the  species  ia  probably  still  extending  its  range  in  the 
islands.     It  occurs  in  some  numbers  in  the  Tingwall  Valley. 

31.  Turnstone  {StnpsUaa  intcrp}-cg),  (Stanepecker). — Tliere 
is  no  doubt  a  pair  of  these  birds  occasionally  remains  to  breed 
in  Shetland.  Thomas  Edmondatou  considered  tliem  resident ; 
and  Saxby,  after  long  and  patient  watching,  found  a  nest 
with  three  eggs  at  Widwiek  in  Unst,  which  is  the  only  recoi-d, 
as  far  aa  I  am  aware.  On  the  27th  May  1867, 1  saw  a  single 
bird  on  the  shore  a  few  miles  south  of  Lerwick,  but  from  its 
behaviour  evidently  not  breeding. 

32.  Oyatercatcher  {ffamatopus  ostralegiis)'  (Shellder). — 
The  oyatercatcher  is  common  ou  many  parts  of  the  coast, 
but  not  very  numerous  at  any  one  place,  though  a  pair  or 
two  are  to  be  found  on  most  of  the  points.  On  the  little 
islands  lying  off  shore  they  are  perhaps  most  abundant.  The 
eggs  are  sometimes  veiy  badly  concealed,  as,  for  instance, 
when  placed,  as  they  often  are,  in  a  hollow  scooped  in  the 
green  turf  on  the  edge  of  the  cUff. 

33.  Heron  {Ardea  cinerea),  (Haigrie). — Very  rarely  remains 
to  breed.  Saxby  once  obtained  the  eggs  from  a  nest  placed 
among  rocks  at  Whiteness  on  Mainland. 

34.  Curlew  {Nuvieniiis  arquata),  (Whaup,  Stock-whaup). 
— Occurs  sparingly  on  the  mainland.  I  saw  very  few  of 
these  birds,  and  they  weie  very  wary,  in  marked  contrast  to 
the  following  species, 

35.  Whimbrel  {Sumsnim  phmopus),  (Tang^vhaup,  Peerie- 
whaup). — These  birds  are  not  numerous,  and  are  confined  to 
a  few  of  the  wildest  and  most  thinly  inhabited  parts.    In  one 
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district  Boveral  pairs  were  remarkably  tame,  nmniiig  along 
the  ground  only  about  thirty  yards  ahead  ;  but  though,  fiota 
their  behaviour,  evidently  breeding,  I  failed  to  find  a  nest. 
The  cry  is  a  good  deal  like  that  of  a  curlew,  but  poosesses  ^uite 
distiact  characteristics. 

36.  Hedshauk  {Totantu  calidris). — According  to  Sasby  a 
few  pairs  breed.     I  did  not  meet  with  it. 

37.  Sandpiper  (^Totanua  kypolmeot).—"  On  2d  July  1869, 
Hobert  Mouat  not  only  shot  a  pair  at  the  Loch  of  CliCf,  but 
licid  a  chase  after  the  young  (Saxby,  p.  195).  This  is  the 
only  evidence  of  its  nesting  I  have  been  able  to  find. 

38.  Qreeoshank  {Totanus  (/lottia). — "  Occaaionally  breeds  " 
(Saxby.  p.  190). 

39.  Woodcock  (Seotopax  rtitticola). — ^"Has  nested  occa- 
sionally "  (Saxby). 

40.  Snipe  (&o/f7i(u;^a^Itnj^), (Gowk,  Snippack). — I  did  not 
find  the  snipe  nearly  so  common  on  Mainland  in  1687  as  on 
a  former  occasion  in  Unst.  Still  they  were  abundant  in  most 
places,  and  exceedingly  tame,  running  along  the  ground  a  few 
yards  ahead. 

41.  Dunlin  {Tringa  alpina),  (Ploverp^a,  Jacksnipe). — 
The  local  name  "ploverpage"  describes  the  dunlin's  habits 
with  great  accuracy,  for  wherever  there  are  golden  plovers 
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4+.  Mallard  {Anas  bosch^s),  (^'ild  Duke). — Sparingly 
scattered  in  most  localities,  sufScieiitly  remote  from  houses 
t"  j,'ive  ttie  ducks  a  chance  of  getting  off  a  brood.  On  28th 
May  1887,  I  overtook  a  duck  with  a.  brood  of  nine  Imvelling 
along  the  road  near  Skierda  Loch.  They  were,  tliough 
apparently  uewly  hatched,  wonderfully  active,  and  concealed 
themselves  among  the  heather  with  great  dexterity. 

45.  Teal  {Querquedula  creccd). — A  few  pairs  only  remaiu 
to  breed,  and  they  seem  most  numerous  in  the  Walls  district 
of  Mainland. 

46.  Widgeon  (Anas  pcnelope), — Much  the  same  may  be  aaid 
of  the  widgeon  aa  of  the  teal.  I  saw  several  ducks  which  I 
took  to  be  of  this  species  in  Walls, 

47.  Eider  (Somateria  moUissiina),  (Dunter). — The  eider  is 
aparingly  scattered  round  the  coast  of  Mainland ;  the  only 
place  where  I  saw  them  in  numbers  was  round  the  Fugla  and 
Lyra  Skerries,  ofT  Papa-Stour.  In  the  sea  between  Stouraud 
these  islets  I  saw  between  sixty  and  seventy,  nearly  all 
males,  and  found  a  nest  with  two  eggs  on  a  point  opposite 
them.  The  people  informed  me  that  great  numbers  of 
dunters  bred  on  these  skerries,  one  of  which,  Lyra,  is  exceed- 
ingly inaccessible,  only  two  men  on  Stour  being  able  to  scale 
it.  On  a  tall  slack  here  the  whitetailed  eagle  bred  some 
years  ago. 

48.  Redbreasted  Merganser  (Mergus  serralor),  (Hareld 
Duck). — In  districts  where  there  is  a  number  of  lochs  this 
beautiful  bird  may  be  constantly  seen.  It  particularly 
favours  those  lochs  which  possess  small  rocky  islets,  some- 
times covered  with  low  bushes  and  dwarf  trees  (ash,  birch, 
and  rowan). 

49.  Iledthroated  Diver  {ColyTtibus  stptentrUmal-U),  (Bain 
Goose), — There  are  still  a  few  pairs  ofthis  interesting  species 
nesting  among  the  pools  in  the  most  secluded  parts  of  Main- 
land. These  biids  are  usually  very  wary,  but  on  two  occasions 
I  surprised  the  female  on  the  nest.  On  the  first  occasion  the 
nest  was  placed  on  the  edge  of  a  small  pool,  about  fifteen 
yards  in  diameter,  and  the  bird  rose  on  tlie  wing  directly  oft' 
the  eggs,  splashing  heavily  right  across  the  surface  of  the  water 
before  getting  fuirly  launched  on  the  wing.    On  the  other,  the 
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bird  wlicii  lirst  seen  was  lying  on  her  ^g,  which  was  placed 
on  the  bank  of  a  loch  about  two  hundred  yards  long.  Con- 
trary to  the  usual  custom,  this  nest  was  about  two  feet  above, 
and  a  couple  of  yards  away  from  the  water.  On  catching 
sight  of  me  the  old  bird  immediately  struck  out  vigoronaly 
with  her  feet,  shoving  herself  along  on  her  breast  till  it  touched 
the  water,  when  she  immediately  vanished  without  the  l«a3t 
splash,  and  only  reappeared  near  the  other  end  of  the  loch. 
The  eggs  are  of  two  strongly-marked  types.  One  has  the 
ground  colour  rich  reddish  brown,  the  other  olive  green; 
occasionally  a  spotless  clay-coloured  egg  may  be  met  with. 

50.  Common  Guillemot  (Zomvta  troile),  (Longie). — At  the 
few  large  breeding  stations  this  bird  occurs  in  enormous 
numbers.  The  three  largest  of  these  are  Unst,  Foula,  and 
Noss,  and  at  each  of  them  the  numbers  amount  to  many 
thousands.  On  Papa-Stour,  and  on  the  Eamna  Stacks,  off 
Fiedeland  Point,  there  are  smaller  colonies.  I  visited  one  of 
these  latter  on  the  i-ilst  May,  and  found  it  crowded  with 
birds.  The  stack  is  a  small  one,  merely  a  pinnacle  of  rock 
about  150  feet  high,  and  80  or  90  feet  in  diameter,  and  desti- 
tute of  ledges  or  a  particle  of  vegetation,  but  is  covered  from 
about  half-way  to  the  summit  with  broken  masses  of  rock, 
thus  providing  numerous  chinks  and  crevices  for  the  shelter 
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scratching  with  vigour.  The  only  aound  they  give  vent  to 
is  a  low  croak.  On  throwing  up  a  razorbill  from  the  highest 
pinnacle,  it  fell  straight  down  for  about  thirty  feet  before 
getting  itself  under  command. 

51.  Black  Guillemot  {Urut.  gryik),  (Tystie). — The  tystie  id 
one  of  the  most  characteristic  Shetland  birds,  and  may  be 
seen  in  small  parties  all  round  the  coast.  I  saw  a  pair  diving 
away  in  their  active  fashion,  at  the  Knab,  about  a  mile  from 
Lerwick,  The  nests  are  rather  difficult  to  find,  as  they  do  not 
form  extensive  colonies,  but  a  pair,  or  a  few  pairs,  breed  at 
many  different  places.  They  used  to  frequent  the  islands  in 
the  Bay  of  Scalloway  in  some  numbers,  but  have  much 
decreased  of  late,  being  shot  in  the  autumn  by  tourists  and 
fishermen,  their  confiding  nature  rendering  this  an  easy  task. 
The  fishermen,  for  what  reason  I  cannot  conceive,  seem  to 
have  a  great  desire  to  kill  this  beautiful  little  bird,  taking 
every  opportunity  they  can  to  do  so.  Tliese  birds  breed 
late  ;  a  nest  I  got  on  the  Cheynies  on  15th  June  contained 
only  one  egg  i'resh.  [iVo(e. — Since  writing  the  above,  Mrs 
Jessie  M.  E,  Saxby  has  kindly  suggested  to  me  a  reason  for 
the  dislike  of  the  Shetlanders  to  the  tystie.  It  is  this — The 
old  men,  women,  and  children  frequently  fish  for  "  Piltocks  " 
off  rocks  projecting  into  the  water,  and '  occasionally  fatal 
accidents  occur  at  these  places.  The  tystie  is  very  fond  of 
diving  and  swimming  among  the  broken  water  at  such  spots, 
and  has  in  this  way  come  to  be  associated  with  calamity  in 
the  minds  of  the  islanders.] 

52.  Puliin  {Fratercula  aretica),  (Tammy  None). — This  is 
one  of  the  most  abundant  birds  in  Shetland,  breeding  in 
many  tliouaands  at  a  lew  favourite  stations,  such  as  Noss, 
Unst,  and  Foula.  On  the  Island  of  Griiney,  off  Fiedeland 
Point,  there  is  a  small  colony  of  300  or  400  pairs.  These 
only  mif-'rated  to  this  island  a  few  years  ago,  having  previ- 
ously nested  on  a  stack  farther  out ;  but  what  with  their 
burrows,  and  the  people  breaking  up  the  turf  to  get  at  them 
and  their  eggs,  the  soil  almost  entirely  disappeared  from  the 
stack,  being  quickly  blown  away  when  once  loose,  by  the 
terrific  gales  that  rage  round  these  lonely  pinnacles.  This 
same  process  is  going  on  at  the  present  colony,  but  Gniney, 
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being  of  some  extent,  is  not  likely  to  drive  the  puffins  to 
seek  pastures  new  for  some  time.  There  being  no  rabbits  on 
the  island,  the  puffins  dig  sll  the  burrows  themselves.  In 
one  of  the  burrows  near  the  cliff  edge  I  was  somewhat  sur- 
prised to  find  a  razorbill's  egg. 

53.  Kazorbill  (AUa  torda),  (Wilkie). — As  elsewhere,  this 
bird  seems  to  be  much  less  numerous  than  the  guillemot  at 
their  common  breeding  haunts.  The  razorbill  is  usoally  said 
to  lay  rather  apart  from  the  guillemot,  but  on  the  Bamna 
Stacks  this  is  not  so,  probably  owing  to  the  guillemots  being 
forced  to  adopt  the  nesting  habits  of  the  razorbill. 

54.  Cormorant  {PkaiaerocoTaxcaTbo),  Loenng,  Scarf  (adult), 
Brongie  (young). — The  cormorant  is  not  very  common  in 
Shetland.  A  few  may  be  seen  at  many  places,  but  in  very 
small  numbers  compared  with  the  shag.  On  the  Fiedeland 
stack  I  visited,  there  were  only  three  pairs  of  this  bird 
among  a  considerable  number  of  shags.  The  e^a  are  aa  a 
rule  larger  than  the  shag's,  but  often  very  slightly  so,  excep- 
tionally large  shags  equalling  them  in  size.  They  breed 
early,  even  in  Shetland.  A  man  showed  me  three  young 
ones  on  the  Slst  May,  which  he  had  taken  from  the  Fiede- 
land  stacks.  They  were  then  fully  a  week  old,  which  would 
place  the  laying  about  the  middle  of  ApriL 
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66.  Arctic  Tern  (StcrtM  macrura),  (Tirrock). — This  lively 
and  beautiful  littlt;  tern  is  generally  diffused  throughout  the 
whole  archipelago,  usually  nesting  on  the  small  islands  lyiug 
off  shore.  One  such  situation,  where  I  am  told  it  is  very 
abundant,  is  the  Ve  Skerries,  about  four  miles  iiotth-weat  of 
I'apa-Stour.  Ve  cornea  from  a  Norse  word  signifying  danger, 
and  the  skerries  (which  are  &  great  haunt  of  the  "  Haaf  fish  " — 
llaiiekarus  t/ryphus)  have  the  reputation  of  seldom  belying 
their  title.  No  doubt  the  natives  are  in  the  habit  of  exagger- 
ating the  inaccessibility  of  these  places,  but  I  think  it  is 
little  exaggerated  iu  regard  to  these  rocks.  The  small  islands 
in  the  Bay  of  Scalloway  are  a  favourite  haunt.  At  West  Loch, 
iu  Hildasay,  there  was  a  colony  of  about  100  pairs,  and  on 
all  the  other  islands  a  few.  They  breed  very  late ;  ou  the 
15th  of  .Tune  they  had  only  begun  to  lay.  [Note. — The 
Common  Tern  (S.  fiuviatilu)  has  not,  so  far  as  I  am  aware, 
been  yet  detected  in  Shetland.] 

57.  Black  Tern  {HydrocAelidon  niffra). — One  record  of  this 
bird's  occurrence  in  Shetland,  which  will  be  found  on  p.  44(J 
of  the  Zoologist  for  1S44,  ts  the  only  one  known  to  nie. 
This  record  is  by  Thomas  Edmondston. 

58.  Black-headed  Gull  {lAinis  ridibundus). — This  is  tlie 
rarest  of  tlie  resident  gulls  in  Shetland,  according  to  Edmond- 
stoB  aud  Saxby  a  few  pairs  only  nesting  at  one  or  two  locali- 
ties, Edmondstou  says  ("View  of  the  Zetland  Islands," 
p.  284) :  "  A  few  pairs  uf  this  gull  come  regularly  every 
year  to  Zetland  during  the  breeding  season.  They  frequent 
the  flat,  gravelly  shores  of  deep  bays,  appear  familiar,  and 
are  very  seldom  molested."  I  did  not  observe  this  species, 
but  Mr  Scott  of  Melby  informs  me  that  he  sometimes  sees  a 
few  iu  the  summer. 

59.  Kittiwake  {Kissa  tridadyla),  (Waeg).— The  graceful 
kittiwake  is  exceedingly  abundant  iu  Shetland,  collecting 
during  tlie  breeding  season  at  some  half-dozen  colonies,  at 
several  of  which  their  numbers  are  to  be  counted  by  thou- 
sands, if  not  tens  of  thousands,  llnst,  Foula,  and  Xoss  are 
the  chief  stations.  At  the  latter  the  sandstone  escarpments 
from  50  feet  above  sea-level  up  to  300  feet  out  of  the  total 
height  of  502  feet  are  covered  with  the  kittiwakes  aud  their 
uestA     Oh  one  of  the  Kamua  Stacks  there  is  a  small  colony 
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of  between  300  and  400  pairs,  which  I  viaited  on  the  3Ist 
May  I8S7.  The  kittiwake  is  a  late  breeder.  At  that  date 
only  a  few  had  laid ;  the  majority  were  busily  engaged  npon 
their  nests,  or  chasing  each  other  with  shrill  screams.  They 
were,  at  this  little  visited  spot,  exceedingly  tame,  several 
allowing  me  to  stroke  them  on  the  back  with  the  short  rod  I 
carried  (the  two  butt  joints  of  an  ordinary  fishing-rod),  and 
this  when  the  nests,  by  the  side  of  which  they  stood,  were 
empty.  The  nests  of  the  kittiwake  are  almost  invariably 
exceedingly  difficult  of  access,  fmm  the  shape  of  the  rocks 
on  which  those  were  built  it  would  be  utterly  impossible  to 
get  many  of  the  neats  even  with  a  rope.  There  is  another 
tine  colony  of  these  birds  on  Eshaness  Skerry,  near  Hills- 
wick  and  also  a  small  one  of  60  or  70  pairs  on  Papa- 
Stour,  at  the  entrance  to  one  of  tlie  magnificent  caves  for 
which  that  island  is  famous. 

60.  The  Common  Gull  (Larvg  eanvs),  (Blue  Maa)  is  by 
no  means  cnmmon  on  the  mainland.  On  some  of  the  small 
islands  a  little  way  off  from  the  land,  there  are  small  colonies, 
but  at  no  place  do  they  ever  nest  on  cliffs,  like  the  herring 
and  lesser  black-backed  gulls.  On  the  lochs  of  Walla  there 
are  one  or  two  pairs  usually  on  each  of  those  lochs  which 
have  little  islands  in  them,  and  often  a  single  pair  at  many 
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inland  district,  where  this  gull  is  moat  abundant,  is  tlie  net- 
work of  lochs  lying  to  the  south  of  Melby,  in  the  parishes  of 
Walls  and  Nesting.  On  these  lochs,  including  the  loch  of 
Gollaster  (250  pairs),  there  are  fully  6llO  pairs.  Hewitson 
fell  into  tJie  error  of  describing  the  Gollaster  gull  as  the 
greater  black-back,  but  that  bird  never  bred  there,  nor  does 
it  on  any  of  the  lochs  of  Walls.  On  the  island  of  Noss  there 
is  a  colony  of  L.  fuscm  nesting  on  the  groiind  among  some 
peat  hags.  At  the  date  of  my  visit  (17th  June)  there  were 
only  50  or  60  pairs,  and  at  that  late  date  I  saw  several  nests 
containing  fresh  eggs,  but  the  people  at  Noss  Ferry  said  that 
earlier  in  the  season  they  were  "  in  hundreds."  They  had 
doubtless  left  in  despair  of  getting  any  eggs  hatched. 

62,  Herring  Gull  {Larus  argenlalus),  (White  Maa). — 
Exceeding  abundant.  Every  precipitous  headland  is  sure  to 
he  occupied  by  a  colony  of  these  handsome  birds.  On  the 
island  of  Noss  they  are  very  numerous.  I  estimated  them  at 
upwards  of  1000  pairs,  and  from  their  habit  of  nesting  on  the 
ledges  of  the  cliffs,  and  on  the  almost  perpendicular  grass 
slope  to  the  east  of  the  Noup.  they  do  not  suffer  so  much 
persecution  as  the  lesser  black-backs  on  the  turf  inland. 

63.  Greater  Black-backed  Gull  {Larus  viarimus),  (Swabie, 
Boagie). — Single  paira  of  these  mi^uificent  gulls  may  be  seen 
at  many  parts  of  the  coasts.  A  favourite  site  for  the  nest  is 
the  flat  grassy  summit  of  some  tall  stack,  often  entirely  in- 
accessible. Frequently  the  stack  is  shared  with  the  two 
smaller  species— /usciw  and  argtntatus ;  all  three  getting  on 
pretty  well  together  as  a  rule,  though  marinus  is  rather  in- 
clined to  bully.  The  largest  colony  of  these  birds  in  Britain 
is  that  situated  on  the  Holm  of  Noss.  The  Holm  is  a 
detached  portion  of  the  island  of  Noss,  and  is  about  200  feet 
high,  and  quite  inaccessible  since  the  "  cradle  "  was  removed 
a  few  years  after  Professor  Wilson's  visit  in  1841,  so  graphi- 
cally described  by  the  genial  "  Christopher  "  in  his  "  Voyage." 
It  is  about  1 J  aci'ea  in  extent,  and  the  chasra  between  is  about 
50  yards  across.  On  approaching  the  edge  of  the  cliff,  the 
whole  colony  rises  on  the  wing  at  once,  and  an  accurate 
estimate  of  their  numbers  is  rather  difticult  to  take,  but  I 
came  to  the  conclusion  there  cannot  be  less  than  250  pairs 
of  these  huge  birds  (5J  feet  in  extent  of  wing)  at  this  plnce. 
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A  few  k'Bser  black-backs  and  one  or  two  herring  gulls  also 
breed  on  the  "  Holm."  Tbe  young  on  the  17th  of  Jnne 
would  be  pretty  well  grown,  as  this  gull  breeds  earl^,  the 
firat  eggs  bein^  fmiuently  laid  by  the  2d  of  May.  I  found 
fresh  eggs  at  Fieileland  on  the  Slat  May,  but  these  were  of 
a  second  laying.  A  nest  I  reached  on  the  2d  June  at  Uyea 
contained  two  newly-hatched  young  and  an  «^  just  chipping. 
Both  old  birds  in  this  case  were  very  bold,  the  female 
especially.  As  I  climbed  down  the  cliff,  I  frequeoUy  felt 
the  wind  from  her  wings  as  she  swooped  past  my  head  with 
her  deep  barking  note,  hue — hue — hue 

64  Great  Skua  {Stercorarau  eatamutet),  (Bonxie). — ^Tliis 
is  the  bird  of  Shetland ;  its  breeding  stations  in  the  British 
Isles  being  confined  to  only  three  localities — all  in  Shetland. 
The  number  of  pairs  that  still  nest  in  these  localities  is 
small,  and,  1  ft>ar,  still  decreasing,  though  the  skuas  of  Unst 
seem  to  have  held  their  ground  wonderfully  well  for  tlie 
last  twenty-five  years.  Foula  has  been  for  many  years  Uie 
chief  stronghold  of  these  birds,  and  Mr  Scott  of  Melby,  tiie 
proprietor,  informed  nie  that  there  are  still  sixteen  pairs 
there.  Although  strict  orders  have  been  given  that  the 
birds  are  not  to  be  interfered  with,  a  good  many  of  their  e^s 
are  annually  taken  and  sold  to  English  dealers.     I  have 
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Mackay  found  the  skuas  sitting  in  September,  tliis  being 
their  third  attempt  to  raise  a  brood.  It  seems  a  pity  that 
more  stringent  measures  cannot  be  taken  for  the  skuas'  pro- 
tection. The  aheplierd  does  wliat  he  can,  but  of  course  can- 
not be  everywhere  at  once.  If  relieved  from  persecution 
they  would  soon  increase,  as  their  smaller  relation,  the  Arctic 
Skua,  has  done  in  the  aanie  locality.  A  third  locality,  where 
1  discovered  a  single  jHiir  nesting  in  1885,  was  again  tenanted 
this  year  (1887)-  I  saw  both  birds  at  a  hillock  about  two 
miles  from  the  nest  site  of  1885,  but  they  were  not  aggres- 
sive, aa  is  their  habit  when  they  have  egga,  but  were  simply 
indifferent,  sitting  stolidly  until  I  walked  up  to  within  eight 
paces,  when  they  merely  shifted  to  the  next  hillock.  From 
their  behaviour,  it  was  evident  the  nest  had  been  robbed,  and 
I  afterwards  saw  the  man  who  had  found  the  nest,  with  a 
single  egg,  on  the  2()th  May.  We  may  thus  reckon  the  total 
number  of  these  fine  birds  that  still  nest  in  these  islands  at 
about  twenty  pairs. 

65.  Richardson's  Skua  (Stercoraritia  enjndatua),  (Allan, 
Shooi). — There  are  several  considerable  colonies  of  the 
Arctic  skua  throughout  Shetland.  The  largest  is  tliat  at 
the  haunt  of  the  great  skua  in  Unst.  At  the  date  of  my 
visit  to  Unst  (1885),  the  colony  only  numbered  thirty  pairs, 
and  were  decreasing  rapidly,  their  eggs  being  taken  in 
quantities  and  sold  to  an  English  dealer,  but  this  having 
been  discontinued,  they  are  now  increasing  rapidly.  A  letter 
I  received  this  year  from  Mr  Mackay  states — "  I  can  safely 
say  there  were  from  80  to  100  pairs  here  last  season  (1887j. 
There  is  a  colony  on  the  mainland  of  about  twenty-four 
pairs.  As  this  colony  is  in  a  very  secluded  district,  and 
much  scattered,  it  will  probably  hold  its  own  for  some  time 
yet.  There  are  also  colonies  of  about  fifty  pairs  in  Noas, 
and  thirty  pairs  in  Foula,  besides  scattered  pairs  in  a  good 
many  other  islands.  This  skua  is  not  altogether  an  agreeable 
neighbour  to  the  other  seafowl,  and  I  was  eye-witness  of  an 
incident  which  doubtless  often  occurs  at  their  colonies.  There 
were  a  number  of  lesser  black-backs  nesting  among  the  skuas, 
and  I  saw  one  of  the  latter,  despite  the  valiant  etlbrts  of  the 
gull  to  protect  its  nest,  and  the  terrible  outcry  raised  by  the 
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others,  swoop  down  upon  the  nest,  gash  the  egg  across  with 
its  boak,  and  proceed  to  devour  the  coDtents. 

66.  Falmar  I'etrdl  {Procellaria  glaciaiis),  (Mallemoke). — 
In  the  Zoologist  for  1879.  p.  380,  there  appeared  a  letter  from 
a  Mr  Garriock.  of  Lerwick,  stating  that,  on  the  4th  June 
1873,  a  party  of  about  a  dozen  pairs  of  fulmars  had  formed  a 
colony  on  the  most  inaccessible  cliff  of  Foula.  This  colony 
inci-eased  next  year  to  about  twenty  pairs,  and  I  am  informed 
by  Mr  Laurenaon  that  it  ia  stiU  in  existence.  The  position 
chosen  seems  to  be  very  inaccessible,  for  Mr  Laurenson  states 
that  very  few  eggs  have  ever  been  got.  This  is  an  exceedingly 
interesting  example  of  a  recent  extension  of  range  of  this  bird. 

67.  Manx  Shearwater  (Pu^niM  aitglorun),  (Lyrie). — This 
bird  is  not  often  seen,  and  ia  conQned  to  a  few  localities,  of 
which  Yell,  Unst,  and  Foula  are  the  chief.  In  Unst  it  is 
apparently  scarcer  than  it  used  to  be  a  few  years  back. 
Saxby  expresses  the  opinion  that  this  bird  produces  two 
broods  in  the  season  ;  probably  from  the  fact  that  fresh  eggs 
may  be  found  from  the  beginning  of  May  to  the  end  of  June, 
but  I  tliiiik  there  is  no  foundation  for  this  belief. 

08.  Storm  Petrel  (^ThcUassidromn  pdagica),  (Swallow, 
Spencie), — The  "  swallow,"  as  they  call  this  pretty  little  bird 
at  Oxna,  is  a  very  late  breeder,  and  does  not  arrive  at  that 


JOURNAL   OF   PROCEEDINGS. 


SESSION  CXV. 

Jfcdveaday,  ISth  November  ISS^.-K  H.  Pbach,  F.R.8.E., 

Preiideut,  in  the  Chair. 

An  Opening  Address  wor  delivered  bj  the  President  on   "Some  of  thi 

Relations  of  Pal  icon  toIi>gy  to  Goologj,  illustrated  chieSy  by  Exsmplea  from 

the  Scottish  Rocks." 


Wtdntuday,  I6lh  December  1885.— Professor  DtINi,  D.D.,  F.RS.E., 
Vioe-Preaident,  in  the  Chair. 
The  following  OHioe-Bearera  ware  elflct«(l : 

fmiAMU— Professor  Williau  Tursbr,  LL.D.,  F.K.S, 

Cia-PraiidcitU—losti  A.  Uabvib-Bbown,  F.B.S.E.,  F.Z.S.j  Professor  John 
DuN8,  D.D.,  F.It.S.E.  ;  Professor  J.  Cohbab  Ewart.  M.D..  F.ES.E. 

SnTftafy— RoBBBT  Ghat,  V.P.K.S.E.      AsiutaiU-Saretary—Jous  (iiuaos. 

ICretMurrr— Chables  Prbhticb,  C.A,,  F.B.S.E. 

i,i*rarw»—WiLuaM  Evans  HovLB,  U.A.,  P.H.S.E. 

CuaidlUn-i^lohn  Hunter,  F.C.8.;  Robert  Kidston,  F.G.S.  ;  A.  M.  Herlerl ; 
ProfesBor  James  Qeikie,  LLD.,  F.R.S.  ;  0.  Sima  Woodiieod,  M.D., 
F.B.C.P.Ed.;  Hugh  MUler,  F.G.S..  A.RS.M.;  Arthur  W.  Hare.  M.B., 
CM.;  B.  Milno  Murray,  M.A.,  M.R,  M.R.C.P.E.  ;  II,  Monbmy 
Cudell,  B.Se.  ;  B.  H.  Trsqunir,  U.O.,  F.R.S.  ;  R.  Sydney  Marsdeu, 
D.Sc,  F.R.3.E.,  F.C,8.  ;  B.  N,  Peaeh,  F.G.a,  F.E.S.E. 
The  following  gentlemen  were  clooted  Ordinary  Fellows  of  the  Soeiety : 

G.  Lovell  Gnlland.  M.A.,   B.Sc.  ;  T.  ArUiur  Helme,  M.B.,  CM.  i  George 

Brook  French,  M.K.C.S. ;  R.  F.  C.  Leith,  M.A.,  M.B.,  B.So. ;  Wni.  Huntur, 

U.B.,  CM.  ;  J.  Barker  Duaean,  W.S.  ;  Henry  T.  Toinliuaon,  M.B.,  CM. 
The  following  commniiieationa  were  read  i 

1.  '■  On  the  Species  of  the  Oeiiua  Paiaaxyrii,  Brong.,  occurring  in  British 

CarhoniferouB  Bocks."     By  Rubeht  Kidston,  P.O. 3. 

2.  "On  the  Hatching  of  Herring  in  Deep  Water."     By  Professor  Ewaiit, 

F.B.8.E. 

3.  "  Notes  on  the  Sucker  Fishes,  lAparis  and  LnpodogaeUr."    By  W.  Akdrr- 

80N  Shitb,  of  Ledaig.  (Communicated  by  J.  T.  Canningliam,  U.A,] 
1.  "OntbeNatureofSegmeQlationinPiahOva."  By  Geoboe  Brook,  F.L8, 
&.   "On  the  Sense  of  Touch  in  Astuats."     By  G.  L.  Gullanu,  M.A,,  B.Su. 


Piorteilitigit  oj  tlie  Sot/al  Physital Society. 


Tha  following  f^ntUmen  irere  elected  Ordinuj  Fellowa  of  the  Society: 
Geoii^  Jamc*  UVartliy  Ml-IIc;  J.  C.  Lniuont,  U.B.,  ILK.C.S.  ;  James  Haig 
FcrKUBOn,  M.R,  CM.,  M.B-C.S.  ;  Arthur  Dendj,  B.Sc;  William  A.  Turner. 

The  folloiriiig  K^otlvinea  were  elected  UoDontTf  Fellow*  of  the  Society: 
>Ivnri  de  Locate  Dntliier ;  V.  J.  van  Deneden. 

The  followinf;  conimunications  n'ere  read  : 
1.   "Ohituarj  Notice  of  Dr  Williuu  Carpenter,  F.RS."     By  Profewor  J. 

CORHAB  EWART. 

S  "  On  tiie  Occurrence  of  the  Bottle  Noaad  or  Beaked  Whale  ISfperoodo* 
Tottratua)  in  the  Scottish  Seas ;  with  ObwrTationB  on  ita  external 
Chancten."  By  ProfesBor  William  TL'UNBit,  LL.D.,  P.IL8., 
I'mideut. 

3.  "OiitheKplatLonofYoIktoBlaatodennintbeFiahOrQin."    BjOeobub 

lluouK,  F.L9. 

4.  "On  an  Abnormal  Spwimen  of  Comalala  from  the  Firth  of  Oyde,"      By 

AuTHUK  Dendv,  B.Sc. 

b.  "  Journal  of  Oriiitholof-icst  Observations  made  in  the  Shetland  Islands 
in  June  1885."     By  Hakold  Kaeburk. 

6.  Kxliibition  of  apecimen  of  the  tiloasy  Ibii  {/iti  /dieinetltu,  g)  shot  at 
Mindrim,  on  th«  Urnlers  of  Roxburgh  ah  ire,  on  SStll  August  last ;  alto 
a  specimen  of  the  Garganey  (Qurrqurdula  circia)  shot  at  Foulden, 
Weatniaiiis,  Berwickshire,  in  February  188S,     With  Bemarks.      By 

GEUIIUB  MUIBIHSAD. 


'  Wediieaday,  Ulh  fttrtmry  1888.— Professor  Jons  Duns,  D.D.,  F.R.S.E., 
Vice-President,  in  the  Ciiair. 


WetlMiday,  17th  March 


The  fallowing  gi>ntlemi 
WillUm  Home,  Advoote 
Harry  Kolao,  M.B.,  CM. 
M.A.,  B.Sc.,  M.D. 
Tho  folIowiDg 
1.   "On  tile  lleproilai 
Bkook,  P.L.3. 
"A  Synopais  of 


86.— JoHK  A.  Hakvik-Hkown,  F.R.S.E,,  F.Z.S., 
ca-PresitleDt,  in  the  Clmir. 

1  were  elocted  Ordinary  Follow*  of  the  Society: 
K.  CharliM  MocWott,  M.B.,  CM.;  Julia  Edward 
:  Jamea  M.  Camjibell,  U.A.  ;  A,  K.  F.  Barbour, 


I  of  Lost  Parla  in  the  Lobster.' 


By  Gel 


I 


CepbalopoiU."    By  Wu.  E.  Hovle,  SLA. 
Dr  TiL44iTAiB   eihibitad,   with   remsrlia,   a  specimen   of    OrypkiotepU 
ririatia),  ao  imfigured  foaail  lish  from  Lonnbead. 

4.  "Kole  on  the  Shore  Crab  {CaTcimia  inaiuu)."    By  Pro  feasor  Jo  UN  DrNa, 

F.B.S.E.,  Vice-Preaident. 

5.  "  On  tha  Occarieuce  of  tbe  Great  Snipe  (Seolopax  myor)  near  Glasgow 

inMaylSSS."    (Specimen  exhibited,  ^.)    By  Ww.  EvAS»,  F.K.S.E. 
S.  Exhibition  of  two  specimens  of  tbe  Martsn  (MarUa  /oina),  ^  arid  $, 
caught  lout  month  in  Invernei^g-Bliire  (Eaateni  diviiion).      By  Jaues 
M.  Amugkhon. 

7.  Hr  EvANH  exhibited,  with  remarks,  a  ^  apecimen  of  tbe  Stockdove,  shot 

on  6tli  January  last  near  Longniddry,  East  Lothian. 

8.  Mr  GfiAT  drew  the  attenliou  of  the  meeting  to  two  Albino  Hedgehogs, 

adult  anil  young,  which  bad  betn  lorwarded  I'ur  exhibition  by  Uie 
Earl  of  Haddington. 

9.  Mr  BitooK  exhibited  a  toll  mass  of  seaweed  covered  with  Herring  Spawi], 

and  made  aotne  reluarks,  showing  that  the  ajiawu  had  been  shell  nt 
gome  diatance  from  tbe  sen  bottom.      Tbe   speutmeu  waa  obtainnl 
from  tho  Ballantrao  Gahing  grouniia. 
10.  &Ir   Pkacr  exhibited  epecinietiB  of  the  claws  of  Ncphrops  juitrrgiciu, 
allowing  departure  from  the  ordinary  at 


Ifetiiiaday,  21»(  -^jirinssfl.— Professor  Johm  Du.se,  D,D.,  F.K.S.E., 
Vioe-PreaiUenl,  in  the  Cliair. 

Tha  following  gentlemen  were  elected  Ordinary  Fellows  ot  the  Society  ; 
Alexander  Shaw  ;  Ernest  Robrrtaon,  U.B.,  C.U.  ;  A.  A.  Murdocli  ;  Juhu 
Moody  Stuart. 

The  Librarian  gave  notice  of  the  following  motion,  to  be  discuased  at  next 
ordinary  (nerting :  "  In  Bole  VII.,  paragraph  5,  before  the  word  '  Fclloivs," 
insert  '  aucb,'  and  after  the  aame  word  inaert  '  sa  pay  an  additional  annoal 
aubsuription  of  2a.  M.' "  That  portion  of  Uie  rule  will  tben  read—"  Tbe 
Librarian  sliall  lend  out  books  to  such  Fellows  aa  jniy  an  additional  annual 
subscription  ot  2b.  8d." 

Tbs  following  uomnmnicatians  were  read  : 

1.  "On  threoSiiecimenaDf  Cyclopean  Monatera— Human,  Pig,  Sbeep."    By 

JuBNSOK  SvuiNUTDH,   U.D.,  F.R.S.E.,  and  U.   Sins   WoutiUEAii, 
M.D„  F.R.S.E. 

2.  "  On  the  Occiirrtnee  of  Sjiores  in  tbe  Carboniferous  Formation  of  Sootland," 

By  RiiBKiiT  KtiiSTOS,  F.G.S.,  ami  Jamks  BuNfm. 
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3.  "  Synopdi  of  t1i«  Rritisli  PifpiriJs."    By  Prof«Mor  J.  R.  HBHDKRMni. 

4.  "  Contril)utiona  to  a  Bibliognpby  of  the  Sea.  Serpent."     By  Wh.  £vAm 

Hot  LB,  M.A. 

5.  Dr  Tbaquaik  exhibited  a,  specimen  of  iMtnpaaa  lampUnrfonni»  (W«lb. ) 

from  Aberdeen. 
0.  Ut  Evanh  exiiibiled,  with  remarki,  k  specimen  of  the  Wbite  Wi^tktl 
(ifeloctfia  aUa)  from  Duubai. 


SESSION  CXVI. 
Widtuiday,  Yllk  Kovember  1866.— Jobn  A.  HABVii-fimowN,  F.B.S.E., 

Viee-Preaident,  in  the  Chair. 

The  Librarian  proposed  the  change  in  Rule  VII.,  accordiug  to  notice  giTcn 
at  lut  ordiuary  meeting,  and  the  motion  wai  oairied. 

The  foltowiii)(  gentlemen  were  elected  Ordinary  Fellowi  of  the  Society  : 
George  A.  Panton,  F.R.S.E.  ;  John  M.  Ciulell,  H.B.,  CM.  ;  George  K  C. 
Wood,  M.B.,  CM.;  C.  J.  I*wi».  M.B.,  CM.;  Profeaeor  William  M'Cracken. 

An  OpunJDg  Addrees  wee  delivered  by  the  Chairman  on  "  The  lale  of  Hay : 
its  Fauiial  Fvsition  and  its  Bird  Life." 


tVcdKctdas,  15(A  Dccrmhtr  1886.— Professor  John  Dcks,  D.D,,  P.R.S.E., 

Vice-President,  in  the  Chair, 
Reports  were  submitted  by  the  Secretary,  the  Treasurer,  and  the  Iibr«ri«n. 
The  following  Offite-Bearers  were  electrd : 
ffwuimi- Sir  William  Tubkeii,  LL.D.,  F.R.8. 

rt«-/Vfjirf«7i(»— Professor  John  Duns,  D.D..  F.B.S.E.  ;  Profewor  J.  Cossak 
-,  M.D..  F.H.3.K.  ;  ProL'saur  Jamrs  Bkikib.  t,l..D..  F.ll.S. 
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(3.)  A  aiwdracn  of  llie  Great  Simlted  Wooiip^loT  rroiii  (be  UIp  of 
Uny,  with  recorda  of  tlie  occarreuue  of  this  species  in  the 
Pcntlaiid  Skerries  and  Dlsotvhcre. 

5.  "  Preliminary  Notea  on  the  Cliietoiioda  of  the  Firth  otrorth."     By  J.  T. 
CuNNiNQHAH,  B.A,,  F.R,3.E. 

3.  "  List  of  Echinoderraata  froin  the  Firth  of  Clyde.'*    By  Prof.  HKiiDeiuioN. 

4.  "Kates  on  the  Ilritiiih3poci«Bof^<ujK'i''t^''iu."   By Gkoroe  Rrouk,  F.L.S. 
fi.   Exhibition  of  Fossil  Ferns  belonging  to  the  genus  ShaeopAgUum.      liy 

SORRRT    KtDHTON,  F.G.S. 

6.  Ur  Boaa  exhibited  (1.)  a  hybrid  between  the  Common   Pheasant  mid 

Beeres'   Pliensiuit ;  ami  (2.)  a  f«mnle   Block  Grotise  flSsDming   the 
plnmaga  of  the  male. 

7.  Mr  £\'AKB  Fxhibjtod  a  specimen  of  an  ndnlt  male  Blue-throated  Warbler 

(Cyanecula  Sueelai),  which  was  abot  at  llelhaven,  near  Dunbar,  in  end 
of  May  or  beginning  of  June  1868. 

iVediicsday,  19(A  Jatmary  1887.— Dr  Stminoton  in  ths  Ohair. 

Tlie  following  gentlemen  were  elected  Ordinary  Fcllowa  of  tha  Bocioty  : 
J,  Houston  Barry  ;  Bobert  Hovrden,  M.B.,  CM.  ;  William  Somcrvitle  of 
Cormistan  ;  James  Duncan  ;  P.  Caradoc  Williams. 

The  following  commnnicationB  were  read  : 

1.  "  Notes  on  some  newly-descHbed  Tmcta  in  the  Spinal  Cord."     Ky  Ar.ex- 

ANi>KR  Bhuck,  M.A.,  M.B.,  F.R.S.E. 

2.  ■'  lUvision  of  the  Nomenclature  of  the  Pishes  of  (lie  Old  Red  Sandstone. 

Part   1,,   AcaiUhodidas  aiid  FtUaoniteida:."      By  B.   H.  TBAqtrAIR, 
M.D..  F.R.8. 

3.  "Re|>ort  en  the  Collection  of  Shells  made  by  Air  John  Eattray  on  the 

West  Coast  of  Afrira,  the  Canaries,  and  Cnpe  Verde  lalandi  j "  with 
exhibition  of  specimens.     By  W.  E.  Hoyle,  M.A.,  F.E.S.E. 
i.  Exhibition  of  specimens  ot  Bothrioeephalus  yraboaddfua  miX  Atcaris  clarala, 
with  remarks.    By  W,  E.  Hoylb,  U.A.,  F.R.S.E 


Wednesday,  \6th  FiJiniary  1887.— Professor  John  Duns,  D.D.,  F.R.B.E,, 

Vice-Presiilent,  In  the  Chair. 
The  following  gentleman  was  elected  an  Ordinary  Fellow  of  the  Society  : 
Symington  Grieve. 
Tlie  following  communications  were  read  : 
"  On  a  recently -descnbed  Method  of  determining  the  presence  of  Ptomaiiut 

in  Growths  of  Micro  Organisms."     By  G.  Sikh  Woodbkad,  H.D. 
"liemarka  on  a  Coralline  from  Gran  Cansria."     By  John  Rattray, 

M.A.,  B,Sc. 
"  Notes  on  tlio  relation  of  Pelagic  Fanna  to  our  Inshore  FisherieiL"     By 

GEORne  Bhook,  F.I1.S. 
Exhibition  of  a  specimen  of  the  Bittern  (fiotouriu  Uellaru)  shot  at  Long- 

niddry  on  Btli  January  laat.     By  William  Evans,  F.R.S.E. 
''  F.xhibition  of  an  Indian  Water-snake  {Etihydrirui  valakeidyai)  killed  by 
swallowing  a  Siluroid  Fisb."     By  J.  E,  H.  Kklso,  M.B.,  CM. 
VOL.  IX.  2  P 


Proceedings  of  the  Boycd  PhytUaX  Society. 


The  Chainntn  aniionnced  that,  owing  to  the  deith  of  Hr  Elobert  Gray,  tbe 
Counc[l  bad  appoiatsd  Dr  E.  H.  Traqusir  u  luUrim  S«CTet«ry  nntil  the  next 

The  foUoiritig  minute  of  condolence,  wliicb  hkd  b««n  fonrarded  by  the 
Council  to  Mn  Qraj,  vai  approved  by  tbe  Bodety  i — 

"The  Council  of  the  Royal  Phyiical  Society  herewith  reoordi  ita  deep  aenaa 
or  the  very  aariona  loas  which  the  Society  hu  anatained  by  the  death  or  ita 
Sectebtry,  Mr  Eobert  Gray. 

"  Few  men,  iF  any,  could  he  fonnd  whose  natnral  gilt*  preaented  ao  rare  a 
combinatian  of  all  tbe  qoalitiei  deiirable  iu  an  efficient  Secretary, — no  one 
who  would  more  enthnaiaatically  and  nnulGahly  bare  devoted  hia  time  and 
hi*  enerf{ie*  to  a  tank  whoae  only  reward  could  be  the  consciounesa  of  having 
benefited  others. 

"  During  the  ten  yean  of  Hr  Oray'a  tenure  of  office  aa  Secretary,  the  Eoyal 
Phyaical  Society  roaa  from  a  coniparatiToly  languisbiiig  atate  to  one  of  new 
life  and  proaperi^  ;  and  there  can  be  no  doubt  that  thia  remit  waa  principally 
due  to  bia  buaineaa  talent,  to  bia  unDagging  energy,  to  the  wide  rsnge  of  hia 
•cientific  aympatbiea,  to  hia  high  reputation  in  bia  own  pirticular  brrach  of 
Natural  Hiatory,  to  his  sterling  integrity  of  character,  and  to  bia  unraiiing 
amiability  of  diaposition,  which  ucured  him  the  support  and  co-operation  at 
all  who  were  interented  iu  tbe  welfare  of  the  Society. 

•'Feby.iSA,  169,7.  (Sigd-J        Wm.  TCMiBR,  iVaww. " 

The  following  gentlemen  were  elected  Ordinary  Fellow*  of  the  Society  : 
E.  Albert  SturniBo,M. A.,  LUD-i  Charles  Alexander  HacMnnn,  H. A.,  M.  D.; 
Alexander  Ooodman  More,  F.Z.S,,  H.RI.A.;  John  Gann  ;  George  J.  Dundaa  ; 
H.  C.  Corke,  F.K.S.R.  ;  K.  M.  Ferguson,  H.D. 


Juiirnal. 
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L  •'  NotPB  on  llie  Offclirrence  in  Scotland  of  tlio  Great  WLite  Heron  (Ardrn 
nlba)  and  llie  BluH-winged  Teal  (Q.iieTquedula  diieora)  ;"  with  exhibi- 
tion otspecimena.  By  R.  H.  TfiAquAiR,  M.D,,  F.B.S. 
T)i«  Heron  ivia  nhot  at  Brant>uhoil.  Lodh  K*trine,  in  May  1SS1,  &nd  re- 
corded in  tha  SeoUiJk  Kataralial  for  1886  (p.  307)  as  a  Little  Egret, 
The  Teal  wm  shot  on  the  Nith,  DDmfriDsshire,  abont  2fi  years  ago 
{vidt  Gtay'g  "Birds  ofWest  of  Scotland,"  p.  373).  Both  arc  now  in 
the  Edinburgh  Museum  of  Scicuca  and  Art. 

,   "On  the  Development  of  tbc  Oviduct  in  Teleoatcan  Fishes."     By  J.  T. 
CUXftKOKAM,  B.A. 


SESSION  CXVII. 

Wcdiusday,  \Slh  Novfmhtr  1887.— Professor  John  Dfns,  D.D., 
Vice- President,  in  the  Chair. 
The  following  gentleman  were  elected  Ordinary  Fellows  of  the  Society  : 
Oswin  A.  J.  Lee  ;  John  3.  Oliver  ;  J.  Arthur  Thomson. 

The  Ch»irman  delivennl  an  Opening  Address,  psyiug  a  tribnte  In  the 
memory  of  Fellows  deceased  sinuo  the  beginning  of  Iset  Session,  raferrinf; 
to  tlie  present  stalo  nnd  future  pronpeRts  of  tbo  SoL-iely,  an<l  criticising  th« 
attitude  of  eevel-al  lemlinfj  Darwinians  towards  Darnin's  Theory. 


Wednesday,  21a!  Deeaabcr  1887.— Sir  William  Tukneb,  Presiilont, 

in  the  Chair. 

The  Secretary  enbmltted  a  Heport  on   the  state   of   the  Society  ;    the 

Librarian  on  the  state  of  the  Library  ;  and  the  Treasurer  on  the  slate  of  the 

Accounts. 

The  follomng  Office- Bearers  wore  elected  : 
JVwWeHf— Sir  William  Turnkk,  LL.D.,  F.R.S. 
KiM-fttriifciiii— Professor  J.   Cohsar   Ewart,   M.D.,   F.K.S.E.  ;   Professor 

Jambs  Obikik,  LL.D.,  F.R3. ;  G.  Sia«  Woodhbad.  M.D.,  F.R.S.E. 
Sto-etory— R.  H.  Thaquair,  M.D.,  F.K.8.   Aaiala}U-StarcUirit—ioB.»  Guu!*. 
rnwuuwr— GborqI  LlsLB,  C.A. 

Couxemart—K.    Manbray   C«aell,  B.Sc,  F.R.S.E.  ;  B.   N.   Peach.  F.G.S., 

F.B.S.E,  ;  George  Brook,  F.LS.  ;  William  Evaua.  F.R.S.E.  ;  Profassor 

Wallace,  F.R.3.E. ;  Johnson  Symington,  M.D.,  F.B.S.E.  jJohn  Falconer 

Kinfc  F.C.8.  ;  J.  A.  Harrie-Browu,  F.B.BlE.  ;  Profesaor  Dnns,  D.D.  ; 

G.    LovoU    Gnlland,   M.A.,   M.R  ;    B.    Kidslon,    F.G.S.,    F.R,8.E.  ; 

T.  B.  SprBgne.F.R.S.E. 

The  following  gentlemen  wore  elected  Ordinary  Fallow*  of  the  Society  ; 

William  Ituasall,  M.D.,  F.R.C.P.E.  ;  E.  Weame  Clarke,  B.Sc.,  M.B..  CM.  ; 

Samuel  W.  Wallace. 

The  following  communications  were  read  : 
I.   "On  some  points  in  the  Anatomy  of  the  FUt  Worms."     By  Wn.   E. 
HuvLB,  M.A.,  F,R,S.E. 


1)  Proceedings  of  the  Boy<fi  Pkyncud  Sodetjf. 

"  Sjriitlietie  Sominarj  of  the   Influgnoe  of  tha  Enrironment  upon  the 

OrgoDUni."     By  J.  Ahthub  Tmoiuoh,  U.A.,  F.B.S.E. 
'•Notei  on  the  Harins  CriutaCM  of  the  Cljde  £rtUM7."     Bj  Georsk 

BnooE,  F.I-S.,  and  Thdhai  Scott. 
"AnOniitholtfrical  Viait  to  the  Awirib  IsUnila."     By  Job*  SwrKBDBNB. 
Hr  Etams,  on  behalf  of  Hi  Ddkdab,  exhibited  3kuu  of  the  Fulmar  uid 

of  the  Little  Qull,  both  obtaiued  in  the  Firth  of  Forth,  umt  Kurth 

Berwick,  iu  October  lut. 


Wedtuidag,  1S(A  January  I8S8.— Dr  0.  Scim  Woodhbad,  Vice-Preiident, 

in  the  Chair. 
Tba  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society  : 
T.  Wein;w  Fulton,  M.B.,  O.U.  ;  James  Footis,  H.D.,  F.B.C.F.E. 
Tba  following  coramunicationi  were  read : 

1.  "On   the  StructDre  of  the  Onafian  Follicle  in  Didelphyi."     By  F.   £. 

Bbddard,  H.A.,  F.B.S.E. 

2.  "Notes  on  CarbonirHraus^ctoAJi."    By  B.  H.  TBAgtrAiR,  M.D.,  P.R.8. 
S.   "Not«9  on  a  visit  to  Femnndo  Noronba."     By  Oboboi  H.  Ramaqe. 

(CammuDicated  by  John  Gunn, ) 


Wtdatiday,  IStA  FebTwtry  1S88.— Dr  O.  SiN8  Woodueap,  Vlce-Premdent, 

in  the  Cbair. 
The  followiug  gontleman  was  elected  aa  Ordinary  Fellow  of  the  Society  : 
John  Comer. 

The  following  f^ntlemen  were  elected  Honorary  Fellows  of  the  Society  ; 
Profenor  E.  R.  Laokeater,  F.RS.  ;  Sydney  H.  Tiaea,  M.A.,  F.B.8l 
Th.i  follov 


Joiirniil, 

2.  "  On  the  PrcTslencc  of  Eurypteriila  in  the  Carbonifflroua  Slial»  of  Scot- 

lini]."     Ily  Jaues  Bennie, 

3.  "Account  of  recent  RpswtcheB  into  the  SiphoTiophonr:"  wil 

of  Drawings.     By  Wif.  E.  HoTi.K.  M.A..  F.R.3.E. 

4.  Mr  HoYLK  exhibited,  with  remarkB,  some  Spei-iniKna  of  PaniBitp* 

SmIi  an^l  Whilu. 


IFtiii\embiy,  ISIh  April  1888.— Dr  0.  Srus  Woohuead,  Vice-Prcsidenl, 

in  the  Chair. 
Tlie  fallowing  gentlenitn  wtu  elected  an  Otdinary  Fellow  of  tlio  Society 
E.  C.  Stump. 
The  rnlluwing  communications  were  read  : 
"On   the  Summer   Birds  of  Shetland,   icith   Kites  on   tlieir  Nestinj;, 

Distribntion,  and  ComparatiTe  Numhf ra.''     Ity  IIarulii  Rarbubij. 
"  Notw  on  the  BritJih  Spodea  oF  Lepadogatler,  and  on  th«  Devctopmenl 

of  the  Vertical  Fins."     By  Groriik  Biioox,  K.L.S. 
"On    tho    Fructification    of   tn-o    Coal  Mvanure    Fems."      By    Robbbi' 

KiDOTOS.  F.G.8. 
"Notes  on  tba  Fractificatioa  and  Affiuitiei  of  ATehaopUrii 

Forbes  tp."    By  Robert  Ein«TON,  F.0.3. 
Tbe  Sbcbkta&v  exhibited  a  caae  of  United  Comminuteil  Prsrtnre  in 

leg  of  a  Pheasant. 
Ur  Lbslib  exhibited  a  Peregrine  Falcon  of  umisually  [Hite  plunmge. 
Mr  Kemp  eihibitcd  speoimen  of  a  double  Kitten. 


LIST  OF  SOCIETIES  WHICH  RECEIVE  THE 
SOCIETY'S  "  PROCEEDINGS." 


ENGLAND. 

'PhiloKophiciI  Soi'irty,  King  Eilwanl'*  RranmisT  .SrhooL 
XftKinl  History  Society,  Sir  Jounh  Hdwd'*  College. 
Philosophical  Socirty. 
Unirenity  LIbnry. 

Editor  of  the  A-piaiUural  StudaOt'  Oiatlte. 
Uniirenity  Library. 

Yorhsbire  Geological  and  Polytechnic  Society. 
■The  Concbologlcal  Society  of  Oreit  Britun  and  Ireland. 
Biological  Society,  Univenit;  College. 
'Literary  and  Philowiphlcal  Society. 
'Engineeriiig  Society,  Royal  Inititnlion. 
Briliib  UoHtiiu  Library. 

'Britixh  (Natural  Hiatory)  Muaeam.  South  Kensington, 
Royal  Society,  Burliogtoo  Uoiue,  Piccadilly,  W. 
Chemical  Sodaly,  Burlington  Hoaaa,  Piccadilly,  W, 
'Geological  Society,  Dnrtlngton  Houie,  Piccadilly,  W. 
PiccailiUy. 


Amsterdah,  . 
Lrtsrn, 

ITthkcBT, 


Brkheh, 

buunhwick, 
iiuesdeh, 


Roj-b]  Medical  Society. 
•Boynl  Seotlisli  Society  of  Art». 
'Ruyal  Rcottlfh  Geogrnphical  Society. 
•BoUuical  Society. 
'Hlghluiil  nnd  Agricultural  Society. 
•Geologic*!  Society. 
•PbilosophicU  Society. 
'Natural  Hinlory  Society. 
'Qeologiial  Society. 

University  Library, 

Perthibire  Society  of  Nnturkl  Flintory. 

UnlvKTiiity  Libruy. 

IRELAND. 
N«ti)r»l  History  ind  Pliiloaopliicni  Society. 
*Itoy>l  Irish  Acidemy. 

'Roynl  Dublin  Society. 

'Koyal  Qcologictl  Society  of  Irelind. 

HOLLAND. 

*Db  Koninkiijka  Akicleniie  ™n  Wetenscbappen. 
•MaBeum  •an  Nsturlijke  Hittoire. 
Protinciul  Oeiiootacbnp  do  Knntteii  eu  WeteoBcfanppcD, 

SWITZERLAND. 

•Die  Natnrfomclienrte  GcBcllsebBft. 
i  'Atlgcmeioe  Suhweizeriache  Oesellacbuft  flir  die  gessmmtea 
I      N»turwis»enBChm(ten. 

*Die  NBtorforBcheode  Geaellachaft. 

■Soci^t^  de  Pbyaiqne  et  d'Hiatoire  Niturelle. 

•Soci^t^  dea  Sciencea  Natarellea. 

•Die  Nuturtoracbesde OeiellKchaft. 

GERMANY. 

'Konigliche  Akademie  der  WiraeDBchnltini. 

'Deatacbe  Oeolt^iche  Oeaellichaft 

'OcMlliehaft  Nalarforacbender  Freaniie. 
I  'Natorbiatortncher   Verein   der   preiiMdacheD   Rheinlande, 
'       Wsstfaleiu,  uod  du  Reg.-fieurks  Oanabriiek. 

•Verelu  fiit  NatunrineuscbBft, 

IB  OeMtlacbBft  fUr  VBtetl&ndlacbe  Cultar. 


•Natiir 


Bcbaftlictaer  Ver 


Eiiniglicbe  Sauimlmigeu  THr  Eunat  and  WiaaeuBchan. 
.     •Der  Verein  lUr  Erdkunde. 
'NatarwiueDBcbartlicher  Veicin. 
University  Library. 
MAlKi'Senckenbei^iache  Natnrforacliende  Gcaellacbart. 

<  'OeDtscbe   Malakoioologisulie    OeaellM:bart,    Dr    Kobelt 
'  I       ScbwBBheim. 
„     .        Die  NatDTforacbende  Geaettacban. 

.     'Kitniglicbe  Geaellachaft  der  Wiaaenicharten, 
.     'Kaiaerliehe  Akademie  der  Natnrforw'ln'r. 


UltHIlAKNSTAl>T, 

Pkaiiub, 


Proceedings  0/  the  Royal  Pkysieal  Societif. 


*Meiiiciiii«eli'n»tnri>  intmehifUieh*  Ocul]iefa>fL 
*K(>iiiglicha  tUcbiiuha  OwalliclMn  dar  Wi ■« mchalten. 

Mfttarroncbanda  OctallKlwrt. 

Editor  of  the  ZooUtgitdttr  Ateigtr. 
'Kbaigliohe  Bsicriich*  Akadamlt  dar  Wiueiuchaftm. 
*Vanlii  fUr  VrnturtlLDdiKha  Cnltar  in  Wurtlcmberg. 
*Pbyslkftli*ch-niiKliciaiM!he  Qetallielikft. 

AUaTBIA. 
■Sodetas  Cimtica  Hlatorieo-DatnialU. 
■SlalMDbtirelKher  VaRln  rur  Matarwiumtachaft. 

Kiinigliclie-buhinlicli*  Ooallscbaft  der  Wiiaenschafleii. 

Bocicti  Addatica  di  Sulenu  NatnraK. 
*K.k.  EoologiKh-botaaucha  Geaellacbart. 
■K.k.  Naturhiitoruchn  Uof-Uiuaam. 


icsdtn 


ITALY, 
la  dalle  Sviedza  dnll'  Ixtitato. 


I  Lombanlo  di  Scienic,  Letters  ed  Arti. 
Socleti  ItalUna  di  Bdaius  NatanlL 
Bociali  del  Nitunliati. 

Editor  of  the  Zoolofitehtr  JaliTtibcridil,  Zoalf^ca)  BtmtioB. 
*lk>cleti  Vaaato-TraDtina  di  Soiaua  Nalurali  r«a|i|cB|ia  is 

PwlDva. 
'Keale  AcEadtaiia  da!  LinceL 
SocietA  Adriatica  di  Scitnte  Natniali. 
■Reals  Acidemia  delle  Sclenie. 


SPAIN. 

IB  da  Cienclaa  tXacUis  Halcvi  e  natarnlM. 
Sociedad  aapaltola  d«  Uiatoria  i 


I^I^Hi^^ 
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SCANDINAVIA, 

Bbrckk, 

•The  Museom. 

(-•HRISTIAHIA, 

•Den  Naturhiitoriiike  ForoDing. 

_                         D^           .         . 

^           OoraKBiam,, 

•Kongelige  Danska  Vid.nskBbomea  Si'l-ktK 

■                  Do.        .       . 

W           SrocKHoui,  . 

•Konglig.  Svensk.  Vettn»kjii«-Akadeniie. 

■                    VfAhk,. 

Do.      .         .         . 

RUSSIA. 

DnnPAT,. 

Kiiv.     .        .        . 

■Nitnral  Hi.tory  Society. 

MclBOOW, 

Ht  Phtshbbdbu,    . 

•Acadeinie  Imp«rUle  dea  Scienoe.. 

Do. 

'ImperUI  Botanic  Qarden. 

AMERICA. 

UlUTKB  Statbb. 

Albant,  N.Y„       . 

*Xew  York  SUIe  Library. 

Bjltwobk,    . 

•Johns- Hopkins  llnieefsity  Library. 

IClMTON,  . 

•Apuerican  Acwleniy  of  ArU  mil  Scienoc*. 

Do.       . 

•Society  d[  NatDral  Uiitory.                                         ^^^^^^^B 

•Broak>tllB  Society  of  Natural  Hiatary.                           ^^^^^H 

Oaudeuuos,  Mass., 

•BanirU  Unlrenity  Library.                                       ^^^^^H 

7                               Do. 

*Maa8iim  of  CompvatiTO  Zoology.                                     ^^^^^^^| 

Cbicaoo, 

Academy  of  S«eua«.                                                    ^^^^^H 

Cihoihuati,   . 

•Society  of  Natnral  History.                                                                 ^^H 

Nbwhatkh.  CtoKK.. 

•Connecticut  Academy  of  Artu  ami  Scitnvp).                                 ^^| 

Do. 

Yale  Colkge  Library.                                                              ^^^^^H 

N«WY0BK,     , 

•New  York  Academy  of  8cipn«9.                                  ^^^^^H 

Ohio.     .       .       . 

•Academy       Natural  Seinncc*.                                           ^^^^^^^| 

Do. 

•Wagnu  Ftm  iDstilato.                                                 ^^^^^H 

Si»  FBiUClWXl,      , 

•Calirarnli  Academy  of  Sdencia.                                   ^^^^^^^H 

8t  L0DI8, 

•Acodoiny  of  Bdancea.                                                           ^^^^^H 

Wmhihoton. 

Do. 

FhilMophical  Socioty.                                                   ^^^^^H 

Do.         .        , 

•United  SUU*  Nalional  UnMurn.                                                 ^^1 

Do. 

•United  Statu  ti«alosicl  Survey.                                                        ^^1 

Do. 

HUlCO.                                                                                          ^H 

Mexico 

Uo. 

•Soaiedad  ClentiHca,  "  Antonio  Almte,"  Ouervalorio  Mett-           ^H 

oralogico  Central.                                                                        ^H 

^H 

Hahiltun,     . 

•Tho  Ilsniilton  Assaciatioa.                                                   ^^^^^| 

KINCMON,        .          . 

^^^^^H 

STG  Proteedini/s  of  tlu  RoytU  Physical  SocUly. 

Makitiib*,  ■    'HiatoTJcnl  iDil  ScicDtiDc  Society,  WiDnipeg. 

M->NTRICAI..  .        .    *Tlie  Natural  Itiatorr  Soeittjr. 
Ottawa,  '(.'aiixliBn  Uiologual  Sarray. 

Do.  .     'Knyal  Society  otCinadi. 

ToaoMTO,  *Tha  OBnuliui  iDBtitnte. 

NOTA  BCOTIA, 

Maufai,  *Xov>  Scotia  InititDte  of  Natuiml  Science. 

Rraziu 
Rio  dk  Jakkiro,    .      Mumu  NsciooaL 

AFRICA. 
Capk Ttmn,  .  Houth  AfrioiD  Pbilo«>phlcal  Society. 

ASIA. 
Batavia  ■!  'l^""'"'''')''*  NatourkundlgB  Vere«iiiging  io  Ni 

('alcctta,  Royal  Atiatic  Society  of  BenRil. 

8)lAN<iHAl,      .        .     'China  Branch  of  tlie  Aiiatic  Society. 
TuKii),  Japan,  'Imperial  Univenity  of  Japan. 

AUSTRALASIA. 
AdkI-atdk,  'Royal  Society  of  South  Autralia. 

Mh.hiiurnb,  .  .     'Royal  Society  of  Victoria. 

ijYUNiY, .  .    'Royal  tiadety  of  New  South  Walen. 

Do.  'Hie  Auflialtan  Maaeuni. 

lio.      .  .    'l.inntan  Society  of  New  Sontli  Walet. 
WKLLlHuno', .  'New  Zcalanil  Iiutitute. 


LIST  OF  FELLOWS, 


A3  at  3l9t  December  1 


fiiiK  marlMd  *  art  Li/t  Utnitera. 


•Andemon,  John,   M.D.,   LLD„  F,R.Sa.  L.  k  E.,  F.a.A.,   F.Ua., 
F.Z.8.,  71  Harrington  Gnrdena,  Uiidon,  3.W. 

Anderson,  J.  M.,  S.S.C.,  StratbiArn  Lodge,  1  StruMiearn  PlacD. 

ADd«r9aa,  James,  105  MayKeld  Rmul. 

Andrew,  Geortfe,  S.S.C.,  Woodville,  ColiDton. 

ApIira[i,Mihangel,M,B.,  CM.,  Indtipeadent College,  BaU.N.  Walea. 

Armilage,  J.  A.,  B.A.,  IE  Waterloo  Road,  3.,  Wolverhampton. 

Baildon,  Heury  B.,  RA. Cantab.,  Duuclllfe,  Mnrrayfielil, 

Bail;,  Edwin,  H.B.,  CM.,  Victoria  Crescent,  Oban. 

Batlantyne,  John  W.,  M.B.,  CM.,  50  Qaeen  Street. 

Barboar.  A.  H.  F..  H.A.,  B.Sc,  M.D.,  24  Melville  Street. 

Barrett.  W.  H.,  M.K,  CM.,  J3  Hillbank  Tfrraca. 

Barron,   H.   J.,    M.D.,   Tbe   Hawthorns,    Cbnich    End.    Fini-Uli>y, 
London, N. 

Barry,  J.  Houston,  10  Mnyfield  Qunlens. 

Beaninont,  Alfred,  30  Latlywoll  Park,  LeH-i«liiini,  Kent. 
■Beddard,  F.  E.,  M.A.Oxon.,  Zaoloj{icnl  OariienA,  London. 

Bennie,  J.,  Geolo}(ica.l  Surrey  Office, 
•Berry,  W.,  of  Tay field,  Newport,  Fifa. 

Bird,  O.,  24  Queeu  Street. 

Bl«Ic,  Alemnaor,  M.B.,  CM.,  U.R.CP.E..  8  St  Vin^nt  Sln-ct. 

Bowie,  A.  F.,  16  Duncan  Street,  Kewington. 

Brook,  Oeorge,  F.B.S.E.,  F.L.S.,  The  University. 

Brown,  J.  A.  Harvie,  F.It.3.£.,  F.Z.3.,  Dunipace  House,  Larbert. 

Browu,  J.  Macdonald,  M.B.,  F.K.CS.,  Apaloy  Lodge,  Gmngu. 

Brown,    Robert,    M.A.,    Ph.D.,   Feraley,   Kydal    Road,   Strealham, 
London,  S.W. 

Bruce,  Alesander,  M.A.,  M.B.,  F.K.C.P.E.,  F.E.S.F,,,  13  Alva  .Street. 
•BniL-e,  W.  P.,  Einleith  MiUs,  Currie. 

Bryson.  W.  A..  20  Lomond  Road,  Trinity. 

Buuhauan,  J.  Uamilton,  CA.,  4  Doune  Terrace. 

Buckley,  T.  £.,  fi.A.,  F.Z.S..  Uillerton,  near  toverness. 

Burt,  Rol)ert  F,,  12J  Strand  iiroen  Road,  Finabury  Park,  Lundon,  N. 

Cadidl,  H.  Mouhray,  B.Sc,  F.R.S.E.,  of  Grange,  Bu'n»Ha. 
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Liit  of  Fellows. 


,  Surgeon,  B«ii((a1  Army,  13  Douglaa 


I.     Culell,  John  M.,  1 

'.     Caldcrwood,  W.  L.,  Craigrowtn,  7  Nftpi^r  BmJ. 

I.     Campbell,  Andrew,  Oil  Works,  Linlithgow. 

>.     C*iupb«ll,  W.,  L.D.S.,  27  Taji  Stre«t,  Dundee. 

■.  *C»nnich»el,  T.  D.  Gibson-,  Melroae. 

.  *Csrmich«el,  Sir  W,  H,  Qibsou-,  B»rt.,  Cutleonig,  DolphintoD. 

.     Carruthera,  W.,  F.R.S.,  Bntish  Museum,  Loadon. 

.     Carter,  W.  A.,  A.I.C.E.,  6  St  Andrew  Square. 

.     Christie,  W.,  Jun,,  Ardveich,  Libertou. 

.     aarke,  R  Wearne,  B-Sc.,  M.R.  CM.,  31  Inverleith  Bow. 

.     Coatea,  H.,  Pilcitllen  Konso,  Perth. 

.     Cobbold,  Speoser,  M.D.,  F.R3.,  7i  Portadown  Road,   Haida  Vale, 

London. 
.    Cook,  C,  W.8.,  11  Great  Kinji  Street, 
.  *Corke,  H.  C,  F.RS.,  17S  High  Street,  Soatbampton. 

Comer,  John,  Architect,  6  Claremont  Terrace. 

Cowper,  J.,  Rujvl  Inftrmary. 
.     Coz,  Ernest  F.  Do  I.ecq  Le  Greilej,  L.D.S.,  The  Cedars,  Oresn  Street, 

.     Craig,  A,  JuD.,  18  Blacket  Place. 

.     Crawford,  W.  C,  Lockharton  Oardens,  Slateford. 

.     Crole,  D.,  1  Eoyal  Circns. 

Cumming,  W.  J.  H.,  fl  Bamton  Terrace. 
,     Cunoingbani,    J.    T.,    B.A.(Oion.),    F.B.3.E.,    Uarina    BiologlcBl 

Lfiboratory,  Plymouth. 
.  *Dalgleiah,  J.  3.,  8  Athole  Crescent. 

Dendy,  Arthur,  B.So.,  The  University,  Melbonmo,  Victoria. 

Ilenholtii.  George,  38  Ore 


Zm/  of  Fellow. 


Folail^  Jomra,  M.D.,  F.K.C.P.F..,  34  Hctiot  Row. 
Fulton,  T,  Wemysa,  M.B.,  CM.,  23  Bojal  CroKgnt. 

Galletl;,  A.,  Muteam  of  Science  and  Art. 

Oeddn,  PrDfesBor  Patrick,  F.B-S.E.,  Jamos  Court,  Lnvrnmai'lcRt. 

Geikie,  Professor  JiniBa,  F.B.S.,  Tlie  Uiii»er»ilv. 

Oemiuill,  William,  M.D.,  Drammon),  b]r  Stranraer. 

Gibaon,  E..  1  Egliuton  Ctsaont. 

Oibaon,  J.,  Ph.D..  P.R.S.E.,  29  OreeiihiU  QirJeUB. 

Glover,  J,,  S.S.C,  I  Hill  Street. 

Graf,  Joliii,  Ottppeiu  Oil  Worlu,  Joliustone. 

Grievo,  D.,  F.R.S.E,,  Loiikij«rton  Gonleua,  aiBttfora. 

Griere,  8.,  19  Aborooru  Tarnce,  Partobello. 

Grieve,  SymingtoD,  1  Bnrgess  Terrace. 

Gulland,  G.  Lovell,  M.A  ,  B.Sc,  6  KMidDlph  Pisco. 

Ouna,  Henry  H.,  A.B.S.M.,  Marionville  Hall,  BeBtalng. 

Gunn,  John,  F.R.S.G.S.,  Challenger  Expwlilioii  Cotnmiuion,  32  Quwn 
Street. 

Hulea,  Clement  D.  O.,  M.B.,  C.U.,  M.D,,  Cliftoo,  Bristol. 

Uallen,  J.  H.  B.,  Pabworth,  Stratford-ouAroii, 

Hamilton,  J.  C,  Trinity  Lodge,  Trinity. 

Hamilton.  R,,  Trinity  lodge.  Trinity. 

Hare,  A.  W.,  M.B.,  F.R.S.E.,  31  Ainalie  PUoe. 

Henderson,  J.,  Valley  Farm',  Kingsbnry,  Uiddlesex. 

Henderwin,  Prof.  J.  R.,  U.  B.,  CM.,  F.L.S.,  Christian Coll^,  HaUrHs. 

Hepburn,  David,  M.B.,  CM,.  18  Napier  Boad. 
,     Herbert.  A.  B.,  13  Polwarth  Terrace. 

,     Herdman,  Prof.  W.  A.,  D.Sc.,  F.R.8.E.,  Univeraily  Colkeo.  Liverpool. 
Hinxmsn,  Lionel  W,.  (leologicBi  Survey  Office. 
Hogg,  A,,  96  Ooorgc  Sirevt, 
.  •Home,  D.  Milne-,  of  Milnegiaden,  F.R.S.E.,  10  York  Platf, 
,     Horn,  William,  Advoeato,  SO  Belgravo  Crescent. 
.     Home,  J.,  F.G.S..  41  Soutfaaide  Road,  Inverness. 
.     Horaley.  Dr  R.  E.,  6  Melville  Street. 
,     Howden,  Robert,  M.B.,  CM.,  ^S-Gilmore  Place. 
.     Howell,  Henry  H.,  Geological  Survey  Office. 
.     Hoylo,  W.  E,,M.A.(Oion.),  F.aS.E,,  Rnvenstoiif,  Dukes  Ave  our, 

Ctiiswick. 
.     Humphrey,  E.,  Tower  Park,  York  Road. 
.     Hunter,  James,  F.R.C.S.E,,  CraigmilUr  Villas. 
.     Hunter,  John,  P.Ca,,  Minto  H(lns^  Chambers  Street. 
.  'Hunter,  J.  R.  S.,  LL^D.,  Daleville.  Braidwood,  Lanatksliire. 
.     Hunter,  William,  M.B.,  CM.,  8  W,  Majtiand  Street. 
.  'Jenner,  Charles,  K.E.3.E.,  Easter  Duddingaton  Lodge,  Portolwilo. 
,     Joaas,  C.  Edward,  1  Rankeillor  Street, 
.     Johnston,  George,  76  Thirlealane  Koad, 
.     Johnstone,  J.  A.,  Huddington  Place. 
.     Kelso,  John  Edward  Horry,  M.B.,  CM.,  High  Street,  Kincardine- 

on-Fortli. 
.     Kemp,  D.  W.,  Ivy  Lidge,  Trinity. 


List  o/  Felloav. 


t.     Kenneily,  Chariot,  MB.,  CM.,  M.D.,  25  NewiDgton  Road. 
).  *KEtineJ}r,  Kcv.  J.,  M.A.,B.D.,  36  Gill««pie  CmeeDt 
i.     Kidnton,  Robert,  F.d.S,,  Victoria  Place,  Scirliag. 

Kil[<atmk,  II.  G.,  104  Sonth  Brides. 
).     Kin^,  J.  Falroner,  F.C.H.,  Chambora  Street. 

).     Laiigliton,  W.,  Horton  Kirby  Paper  Works,  Soath  Darontli,  K«nL 
I.     Laarie,  Malcolm,  Nairtie  Lodge,  Duddingfton. 
I.     Liw«on,  G.  R.,  Dankor,  Golapie. 
'.     Leo,  Osivin  A.  J.,  B  Melville  Crencent. 

I.     Uith,  R.  F.  C,  M.A.,  H.B.,  B.Sc,  82  Uarchmoiit  Craaceot 
I.     Leslie,  DrO.,  Falkirk. 

Lindaay,  Robert,  Curator,  Royal  Rotanie  Gardea. 
.     Lille,  Ooorge,  C.  A.,  F.  F.  A. ,  5  K.  St  David  Street,  JTtntnrary  Tretuurtr. 
.     Loi^n,  A.,  RegiHter  Honse. 

Lumaden,  J.,  of  Arden,  Alexandria,  N.R. 
■.     Lyon.  F.  W.,  M.D.,  b  North  Charlotte  Strsft. 
.  'Macadam,  Steveuson,  Ph.D.,  Surgeon*'  Halt. 
.     Mai-adam,  W.  Ivison,  F.U.S.E.,  Surgeons'  Hall 
.     MauBl|>iiie,  A.  N.,  B.Se.,  Lecturer  on  Biology,  Minto  Hoom. 

M'Cracken,  ProreitBor  Williani,  Royal  Agricultural  College,  CJTmcetter. 
.  'KI'Donald,  L.  M.,  SkaohoBt,  Skye. 
,     M'Fftdyean,  Profesaor,  Dick  Veterinary  College. 
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